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MUTANTS OF ENDOSTAT7N, "EM 1" HAVING ANTI- AN G IOG EN I C ACTIVITY AND METHODS OF USE THEREOF 



RELATED APPLICATIONS 

Tins application claims priority to application 60/067,888, filed December 8, 
1997. 60/082,663, filed April 22, 1998. and fiO/108.536, filed November 16, 1998. 
5 the entire teachings of which are incorporated herein by reference. 



BACKGROUND OF THE INVENTION 

The prognosis for metastatic cancer remains highly unfavorable. Despite 
advances in radiation therapy and chemotherapy, the long term survival of treated 
patients has shown only marginal improvement over the past few decades. The lack 

10 of significant treatment options available for metastatic cancers emphasizes the need 
to ibeui on the development of novel therapeutic strategies. In this regard, targeting 
tumor vasculature of solid tumors has recently shown promising results in several 
animal model systems fBaillie et al (1995) Br. J. Cancer 72:257-67; SicknelL R. 
(1994) Ann. Oncol 5 (Suppi. > 4:45-50; Fan ct al. (1995) Trends Pharmacol Sci. 

15 16.57-66; Thorpe, P.E. and Burrows, F.J. (1995) Breast Cancer Res. Treat. 

56 237-51; Burrows. F.J. and Thorpe, P.E. (1 994) Pharmacol. Thar. 64:155-74). In 
a nude mouse model, for instance, introduction of a wiid type VHL gene into 786-0 
cells, a PvCC tumor cell line, inhibited tumor growth (Iliopoulos et al (1995) Nat. 
Med. 1:822-26) and angiogenesis. 

20 The growth of solid tumors beyond a few m:rr depends on the formation of 

new blood vessels (Foikman, J. (1 971 ) 11 Engl. J. Med. 285:1 1 82-86). Numerous 
studies have shown that both primary tumor and metastatic growth are 
angiogenesis-denendent (Tolkman, J. (1971) N. Engl J. Med. 285:1 182-86; 
Folkmam J. (1972M/7:?. Surg. 175:409-16; Folkmam J. and Shing, Y. (1992) J. Biol. 

25 Chem. 267:10931-34; Folkmam J. (1996) Sci. Am. 275:150-54). A number of 

angiogenesis inhibitors have been identified. Certain ones, such as platelet factor-4 
(Maione a al (1990) Science 2--~:~'7-~'T Gupta et al (1995) p r oc. Natl Acad. Sci. 



WO 99/29855 



PCT/US98/26057 



t Aiiaioliiic ct al. < ) 9° 5 • R Es;?. .\Rd. 1 82:155-52: Stricter c: al < 1 995 '. Biaehen: 
Biophys. R^s. Commit k. 2 * 0:5 1 -5": Brooks c7 l,0 1 I c,Ci S ) Ce.7 92:391-400 . are no: 
''associated with tumors.' whereas two others, a:igiostat;n and emdostatim are 
5 "tumor-associated" ( O'Reiky L o iV: (1994";' Cell "9:315-28; 0'Reili\ ci al <1997") Cell 
88 2""-85"). Angiostaum a potent endogenous inhibitor of angiogenesis venerated 
by tumor-infiltrating macrophages that upreguiaie matrix metalioelastafe (Done ev 
al i' 1997) 007/ 88:801-10'). iiiiubits the growth of a wide vanctv of primary and 
metastatic tumors (Lannutti a al '.1997) Cance- Rls. 57:5277-80; O'Reillv t ?/ .7/. 

10 f] 994j Cold Spring tiara. Symp. Quant Biol. 59:471-82: 0 ! Reiliy s M.S., ;'1°97) Exs. 
79.273-94: Sim e/ a/. : 1 997) Cancer Res 5 To 1319-34. Wu ef at. (1997 9 Bio: hem. 
Biophys. Res. Commwi. 236:651-54/. 

Recently, O'Reilly, e> al. (H997) Cell 88:277-85; isolated endostatm. an 
angjogenesis inhibitor from a murine hemangioendothelioma cell line (EOMA). 

15 Circulating levels of a fragment of human endostatin have been detected in patients 
with chronic renal insufficiency with no detectable tumor, but this fragment had 
deletions, and no anti-angiogemc activity (Standker el al (1997) FEUS Lett. 
420:129-33). The ammo terminal sequence of endostatin corresponds to the earboxv 
terminal portion of collagen XVIII. Endostatm i s a specific inhibitor of endothelial 

20 proliferation and angiogenesis. Systemic administration of non-refolded precipitated 
protein expressed m Escherichia eoh caused growth regression of Lewis luiva 
carcinoma, T241 fibrosarcoma, B16 melanoma and EOMA (O'Reilly el al \ 1997") 
Cell 88:277-85) cells m a xenograft model. Moreover, no drug resistance was noted 
m three of the tumor types studied. Repeated cycles of administration with 

25 endostatin have been reported to result in tumor dormancy i'Boehm et al (1997) 
Nature 390:404-407). 

The results from these studies open new avenues for treatment of cancer and 
provide promising routes for overcoming the drug resistance often seen amine 
chemotherapy However, in al! of these investigations, a non-refolded mecmitated 

30 form of the inhibitor protein was administered in the form of a suspension to tumor 
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b ea,„, an.ma.s. In addition, large amounts »' P™* ™« ^ « " ^ 

.» -,. ^ ^. - * ^ « w?i 

WW i, oral dm, ecmivalents of**, f-tetns »*** 
w «„e a ,i,,„ S could be undertaken if recombinant forms .f*« ■»»«* < — 

: va ;; ab ; ^ «*> ^ ^ * * 

soltib.e p^ before * ^ ™ te "™ M,,d,t ' 0nS FUr " ,e '' m0r "" 

equation ofthetr c*M 1— » » ^""^ 
: „ ous h of the pro,em to «». .nd mcons.stent test results ^"S *™ an,, 

an^en, proxies ,K,n=. R.T. (WW ™' ' • ' N ~ ^ ^ , 

, 9:1 . Oc, 20,. There cie.rK « *« oresen, un« a grea, 

need for a method of prooucmg soluble forms of am,an S iog=n,c orotems m large 
amounts, and vlncl, have vel.abie oroperues *» and *. nm. 

«JMM»RV OF THE INYEKTIOT; 

" ' l>sc„bed herem „ now. mutants of endostattn. one „ fwW cb, designed 
-EM , - has an,ua„gtogen,c active «, o, superior to tha, of «ild type 



1 0 ai 



enuosiatin. 



T, .mention relates to the discover of an .solated a„ti-a„g,ogen,c peot.de. 

, vl .. r e,n rhe Otermmal end of to W*<" . 
, 0 V.VL HE. V.,ich has anti-angiogemc oroperties. Designated "EM 1 - P-m 
a mutated endestatin protein, .here the mutatroit ^ . «~ « 

" . • „ a .; d5 t ..,„, ,he C-rcrmtnus of the mutated endoslatm piotem 
nine consecutive ammo ho> - a. 

NS vs,TSfSW. EM 1 tetmtnate, ,r. the ammo acta seance , W LC E. Tl 

t::;:,o,; »^ — E >, s , » 

rapr easi=n S eo,enee S , and host ee lls tnansfofmed ,,th ,-xh a consul .-tibodies 

to EM 1 are also disclosed . 

, ^_ t ^ nr0CP cses for producing EM 1. fusion proteins 
-nv-nvop al : -o relates to piu^ebb^ iv- h x 

eootatntn^EM L and compost comprising EM 1 or felon ptoattets thei.of 
The inven'tton also dtscbses methods of proeudtng po.ypepo.des =n=oa,n S ■ ■ 
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I:: addition, ike invention comprises methods far inhibiting aneioaenic 
activity m mammalian tissue, comprising contacting the tissue with a composition 
composing the EM 1. particular;}- :o inhibit aneiogenesis. which occurs in manv 
diseases and conditions including cancer.. 
5 The invention also discloses use of EM 1 to induce apoptosis. or antibodies 

of EM 1 to prevent apoptosis. The invention further discloses use of EM 1 in 
methods of gene therapy. The cells targeted may be any mammalian cells, 
particularly lymphocytes, blood cells, TIL cells, bone marrow cells, vascular cells, 
tumor ceils, liver cells, muscle cells, and fibroblast cells. 

1 0 BRIEF F>ESCRiPIIOX OF THE DRA WINGS 

Fig. 1 i ' a diagram of the endostatin nucleotide sequence (SEQ ID NO:i ). 

The polynucleotide encoding EM 1 comprises the polynucleotide sequence through 

nucleotide 52:". The polynucleotide encoding EM 2 comprises the poh nucleotide 

s e q u c n c e th r o u g h n u c 1 e o t i d e 501, 
1 5 Fig. 2 n; a diagram of the translation (SEQ ID NO:2 ) of the nucseic acid 

sequence of Fig. 1 , EM 1 comprises the amino acid sequence through amino acid 

1 75. EM 2 comprises the ammo acid sequence through ammo acid 16". 

Fig. 3 o : a graph showing the results of elation from an Xi-XTA column. 

The fraction number is shown along the x-axis. and the absorbance at 280 nm for 
20 each fraction (O) is on the left y-axis. For each, fraction, the pi I of the elutmg buffer 

(M) is shown on the right y-axis. 

Fig. 4 shows a 12 % non-reducing SDS-PAGE gel of protein produced from 

the prokaryotic expression system. Sizes in kDa are shown on the left, and the first 

lane contains size markers. Lane 2 contains crude protein, lanes 3 and 4 contain 
25 samples from fracuons 7 and S ; which were eluted at old (5.3, banes 5 and 6 contains 

samples from tractions 21 and 22, eluted at pi I 4.0. Lane 7 contains a ;.amole from 

fraction 22 reduced with DTT. 

Fig. 5 is n graph showing the purification of soluble mouse endostatin 

er ressed in yeast using a heparin-agarose column. The fraction number is shown 
30 along the x-axis, and the absorbance at 280 nm far each fraction 0E') is on the left v- 
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axis, and the concentration ofNaQ used to eiute each fraction <.HS) is shown on the 
right y-axis. 

Fiu . 6 shows a 12% non-reducing SDS-PAGE gel of purified recombinant 
soluble mouse endostatin from a heparin-agarose column. Sizes in kDa are shown 

5 on the left, and the first lan, contains size markers. Lane 2 contains crude protein, 
lane 3 contains unbound protein, lane 4 contains wash, and lanes 5 and 6 contain 
sanmles from fractions 9 and 1 0. respectively, which were both eluted with 0.3ml 
NaC l. Lanes 7 and 8 contain samples from fractions 21 and 22, respectively, which 
were both eluted with 0.6 M NaCl. 

1 0 Fig. 7 is a graph showing the e.ution profile of soluble His.endostatm 

expressedm yeast using * Ni-KTA column. The fraction number is shown along the 
x-axis. and the absorbance at 280 nni for each fraction (C) is on the left y-axis, and 
the concentration of imidazole |mM) used to elute each fraction (B) is show n on the 
riszht y-axis. 

1 5 " Fig. i\ shows a 1 ?° i non-reducing SDS-PAGE gel of selected fractions of 
soluble His.endoslatin expressed in yeast. Sizes in kDa are shown on the left, and 
th e first lane contains size markers. Lane 2 contains crude protein, lane 3 contains 
flowthrough • i.e. , unbound protein), and lane 4 contains wash, Lane 5 contains a 
san-mle of fraction 9. which was eluted at 10 mM imidazole Lanes 6 and 7 contain 
20 samples from fractions 3: and 36, respectively, which were eluted with 50 m.M 

imidazole, and lanes 8 and 9 contains samples of fractions 5 3 and 54. respectively, 
which were eluted with 100 mM imidazole. 

Fig. 9 shows a Western blot analysis of recombinant mouse endostatin 
expressed from bacteria and yeast. Lane 1 contains bacterially-expressed 
25 His.endostatm. lane 2 contains endostatin expressed in yeast, and lane 3 contains 
veast-nroduced His.endostatm 

Fig. 10 is a graph depicting the results of an endothelial cell proliferation 
assav. The purified mouse endostatin expressed from yeast was tested for its ability 
to fcmbil (methyl- 3 H) thymidine incorporation in C-PAE cells. The concentration 
30 of endostatin (100 ng to 10000 ng) is shown on the x-axis, and the incorporation of 
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■>i-:hymhdme is shown on the y-axis. meorpora: ior. for \ east-cerweu soluble 
eiidostatin <' Eh and yess:-den ved soluble Ftir .endosiatm i E8 drormed steadily with 
increasing concentration of endostatin. 

rig. : I is a oar char: showing the effects of recombinant mouse endostatin on 
5 ncm-endothclial ceils. Open bars refer to 7 S6-0 ceils, and shaded bars refer to A 4 o S 
cchs. Both are renal carcinoma cell lines, stimulated with bFGF (3 n-rmi) in 2°o 
serum. 

Figs. 12a and 13B are a pair of photographs showing inhibition of 
e;ido<thehal oeh i'ECY304 ) migration by soluble mouse endostatin usinu bFGF ('25 

1 C iig.mE as a stimulus. Fig. 1 2A shows migrated endothelial cells in the control (~ 
bFOF. no endostatin). and Fig. 12B shows migrated endothelial cells treated with 
endostatin (220 isg/mn with BFGF. 

Fig. 13 is a bar chart showing inhibition of endothelial cell migration with 
different concentrations of endostatin. P.elative eel! migration is shown on the y- 

15 axis, and treatment (^control. 25 ng/'nh bFGF. and endostatin at 20. 10 : 5. 2.5, and 1 
ug mi:) on the x-axis. 

Figs I4A. 3 4 B, and 14C are photomicrographs showing the inhibition of 
angiogenic response mediated by YEGF (250 ng/pellet) in the presence of 
endostatin. fig. 14A is the negative control, Fig. 143 is the positive control 

20 (YEGFn and Fig. 14C shows the effect of endostatin plus YEGF. 

Figs 15A and 15R are a pair of bar charts showing the inhibition of YEGF 
(top panel) and bFGF ('bottom pane! ) mediated angiogenic response by endostatin 
(20. 1 0b 5. 1 , and 0 tig/mesh) in the CAM assay. Both charts show a steady increase 
of inhibition of angiogenesis in response to increasing concentrations of endostatin. 

25 Fig. 16 is a bar chart showing neutralisation of the inhibitory effect of mouse 

end ;>statm by polyclonal antiserum in the endothelial proliferation assay. 
Incorporation of ~ H-thymidine is shown on the y-axis, and treatment i control, 10 ug 
endostatin, 10 ug endostatin - antiserum. 5 ug endostatin. 5 tig endostatin - 
antiserum, pre-immune serum, endostatin antiserum, and endostatin IgG; on the x- 

30 axis). 
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Figs, i 7 A and 17B are a pair of photographs showing the results of a CAM 
assay, demonstrating neutralization of endostatin inhibitory activitv bv noAAonal 
antiserum. Fig. 17A shows the effect of VECrF and endostatin (10 ugpehetn and 
Fig. 17B shows [he effect of cndostatm ( 1 0 a g /pellet) plus polyclonal antiserum plus 
5 VEGF. 

Fig. IS is a graph showing the inhibition of 786-0 tumor growth bv systemic 
treatment with recombinant endostaun. Time in daj'S after treatment is shown on the 
x-sx:s and turner volume in mnr is rhown on the y-axis. Intraperitoneal injection of 
enaosiatin was given at 10 mg,xog/daw starting en day 1 (arrovA. Each time point 

1 0 represents the average of five mice m each group and the error bar represents Sua As. 
Treatments are Lontrol PBS OA s encostatin from yeast (©), EEs. endostatin mom 
yeas' (x) and His. endostaun from bacteria (A a 

Figs. 19A through 19E are a set of photographs of 786-0 tumors treated with 
recombinant endostatim At the end of the treatment period, tumors from control and 

i 5 treated groups v. ere examined grossly under a dissecting microscope. Figs. 1°A and 
19B are control tumors, Fig. 1 1 -A shows a tumor treated with veast-den veci 
end os rati n. Fig. 19F> shows the effect of His.enoostatm from bacteria, and Joe. 1 91Z 
shows a tumor treated with Fiaoendostatin tram yeast. 

Fig. 20 is a graph shewing the effects of endostatin mutants on athymis nude 

20 mire "86-0 tumors. Days after treatment is shown on the x-axis. and tumor volume 
on the y-axis. Each time point represents the average of five in: ce in each moup. 
Treatments were control PBS (O h wild type Flis.endostatin from bacteria (dotted 
line. 2J) ? EM 1 from bacteria (Ay and EM 2 from bacteria (solid line. ♦). EM 1 and 
EM 2 both contain N-;ermmus His. tags. Intraperitoneal injection was started on day 

25 1 (Arrow). 

Fig. 21 :j a bar grapn showing increased caspase 3 activity due to endostatm 
treatment. Absorbance at 405 nm is shown on the y-axis, and treatments ( control, 
TNF-u (AO ng/mih endostaun (10 ag ml > are shown on the x-axis. The pairs of oars 
for ea:h treatment the A 4G5 reading in the presence ('open bars ) or absence {'shaded 
3 0 bars ) of the inhibitor DEYEmmk. 
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F ia. 11 :s a car araoh showing c:\<yzr.-j 3 activity :r. nomeiiaothcua: ce:.s. 
Aoscrbanee a: 405 rum is shown or. the \-ax:s. ana x-axis displays treatments 
i control control - DEVD. cndostatm • w ug ml a endcstatm -"10 ugxnO< - DEYD 
for N1H5T3 and H9cl : 2A ; -myoo:ast eels, repectively. 
5 Fig, 23 is a oar araoh showing quantitative determination of apontosis. as 

determined bv the TUNEL assay The treatments are shown on the x-axis, and are 
endostatm-treated adherent ceils, endostatimtreated suspension cells, control 
adherent cells, and TNP-o>treated adherent ceils. Percentage of apeptotic cells are 
shown on the y-axis. 

10 I"-' ; Lio 24 A and 243 aie a Western blot analyses of C-PAE cell iysate for 

Bc!-2 protem levels, and an immunobiot detecting total cell ivsate for Bax 
expression levels, respectively. C-PAE cells were treated with cither no endostattn 
(-) or endostattn AO ug/inl) H-i lor the indicated period of time 0. 12, 24, 28 hours;, 
/wain probing is also shown. 

15 Fies 254,, 2533. 25C and 25D are a set of two Western blot analyses ( Figs. 

25 A and 25Bj and two immunoblots (Figs. 25C and D) of non-endothehal cell lysate 
for Ba>: protein levels Cells were treated with either no endostattn (-) or endostattn 
CIO ag.mh (-) for the Indicated period of time Ch 12. 24. 28. 32 hours). Actin 
probing is also shown, rig. 25A: N1H3T3 cell lysate; Fig. 25B: IMR-90 cell 

20 lysate. Fig, 25C: C-PAE ceil iysate. Fig. 25D. KIH3T3 cell lysate 

Fiaure 26A-E* is a chart showing the constructs, primers, cloning sites, and 
sectors, used to clone and express various anti-angiogenic proteins. The amino acid 
sequences of the expressed proteins are also given. 

DETAILED DESCPdPTIOA OF THE INVENTION 
25 A wide vanetv of diseases are the result of undesirable angiogenesis. Put 

another way. many diseases and undesirable conditions could be prevented or 
alleviated if it were possible to stop the growth and extension of capillary blood 
vessels under some conditions, at certain times, or in particular tissues. Several anti- 
angiogenic proteins have been discovered (e.g., angiostatm. encostatinj, problems 
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have beer, reported regarding (I) the ability to produce the proteins in suftjcient 
quantity to alow for proper testing of their properties, and (2) the reproducibility of 
the anti-angiogenic properties attributed to these proteins. 

The present invention encompasses endostatin mutants, referred to herein as 
5 EMs. Specifcall y encompassed are two mutants of endostatin, designated "EM 1" 
and "EM 2". These mutant? were tested against whole endostatin. The mutants 
showed very different activity. Unexpectedly, one mutant ("EM 1") performed as 
well or better than whole endostatin. and the other ("EM 2") snowed loss ofanti- 
ansiiosieuic activity. In a nude mouse model, growth of renal cell cancer (RCC) was 
1 0 suppressed by systemic administration of EM 1 at a rate of 20 mg/kg body weight. 
The inhibition of tumor growth is comparable to the inhibition obtained with wild- 
type endostatin. The difference in activity between EM 1 and EM 2 is surprising, 
given that there is a difference between them ofoniy eight amino acid residues. 
EM 1 provides an advantage in treatment of angiogenic diseases in that increasingly 
i 5 smaller peptides are more potent or. a weight basis, and may be able to better 
penetrate tissues. 

In the present invention, EM 1. a no\ei anti-angiogcir.c protein, and a 
deletion mutant of endostatin. is described, as well as fragments, derivatives, fusion 
Proteins and antibodies thereof. Methods of making the above are also described. 

20 Also disposed are therapeutic compositions comprising EM i . and methods for 

using those compositions. Polynucleotides encoding EM I arc also described, a well 
as vectors and host cells comprising those polynucleotides. Compositions 
containing EM 1 as a biologically active ingredient are also described, as well as 
methods for using EM 1 v. inhibit angiogenic activity m mammalian tissues, such as 

25 in treating diseases ana conditions characterized by angiogenesis. The present 
invention includes compositions and methods for the detection and treatment of 
diseases and conditions that are mediated by or associated with angiogenesis. In 
addition, the invention includes use of EM 1 to induce apoptosis in a ceil or tissue, 
and antibodies to EM 1 to inhibit apoptosis in a cell or tissue. 
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cmec:t;cahy. EM I 1: a deieuor: mutant of enacstaan. where the ms; nine 
ammo ac:d residues nwc been deieied. EM I exists naturally as part of the coliacen 
Type V\ H molecule, bu: i: can be produced recr mhinautly. wo . ihe polynucleotide 
sequence ;Fia. E SEQ IE> NO:ii encoding EM 1 pr.Hein (Fig. 2. SEQ ID NOG) can 
aanpl:iiea\ e.g., with ijil- forward and reverse primer:; listed in Table E below. The 
template nucleic acid used iov the amplification can be from any mammal. Also 
encompassed by the present invention is mammalian EME, fragments, mutants, 
derivatives or fusion proteins thereof 



Table I . Constructs and primer sequences used T c amplify anti-anaioaenic proteins 



Construct Name 


Primer Sea nonce 


pETI Tbhis-inendo 


.-S'-GGC ATA TGC ATA CTC ATC AGG ACT TT-V (up> 
, SFO ID NO • ) 




T A AC TCG AGC TAT TTG GAG AAA GAG GT-3' 
(down) ('SEQ ID 130.: ) 


pET28a.'mendo 


5-GGC ATA TGC ATA CTC ATC AGG ACT TT-3' (up) 


i 


f'-AAG CGG CCG CCT ATT TGG AGA A AG AGG T-3' 

(down) (SEQ ID NO. ) 
■ , . i 


| pE72Sa-'EM-i 


:"■ TTC CAT ATG CAT ACT CAT CAG GAC TTT CAG 
OCA-V (up) f'SEQ ID NO: ) 




:"' TTA CtCG GCC GCC 'i A, : TCA A TG CAC AGG ACG j 
ATG TA-3' (down) (SEQ ID NO: i ! 


pET2£a/EM-2 


— — . i 

: i ;L Al G l..-v. AO 1 CAT CAG GAG TTT CAG 

CCA-3' (up) (SEQ ID NO; ) 




A TTA GCG GCC GCC TAG TTG TGG CAG CTC GCA 
OCT TTC- TGC . down) (SEQ ID NO: ) | 


P ? I C Z a. A ; m e n d c 


5' GGG AAT TCC AT A CTC ATC AGG ACT TT-3' (up) 
(SEQ ID NO: ') 
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5' AAG CGG GCG CCT ATT TGG AGA AAG AGG To 
( down) i'SEG 1 1.) N 0 : ) 



Z7. I , . r \ %-rrrr vrr \TC ATC ATC ATC ACA OCA j 

nPlCZccA/rlis.rnen , > .-^.aG AA . , ~ - - rtJ - • | 

S GC-3' (up) (SEQ II) NO: ) 1 



5' AAG CGG CCG CCT ATT TGG AGA AAG AGG T-3 
(down) (SEC 1 ID NO ) 



pPICZaA/Hendo 



L 



5- TTT GAA TTC GCC CAC AGO CAC CGG GAG TTC 
CAG CGG GTG CTC CA-3' (up) (SEQ ID NO: ) 



nPICZaA/Reslin 



5' AAA AGC CjCiC CGG CTA CTT GGA GGC AGT CAT 
GAA GCT OTT GTG AA-3' rdown) (SBQ ID NO: ) 



-V TTT TTT GAA TIG ATTTCA AG T GCC AAl TAT 
GAG A AC- GCT GCT GTG CAT-.T (u p) .SEQIDNO _)_ 



5' AAG AA'T GCG GCC GCT TAG TTC CTA GCG TCT 
GTC ATG AAA GTG TTT TGG AT-?,' (down ; (SEQ ID 
NO: i • 



pPlCZ«A/HIS Res j 5' A AT TCC ATC ACC ATC ACC ATC ACC-3' (up, 

j (SEQ ID NO: ) . 



u n 



5' AAT I CG TGA TGG TGA TGG TGA TGG-3' (down) 
''SEOIDNO: ) 



nET28a<M: 



5 TTT CAT ATG ATA TAC TCC TTT GAT GGT CGA 
GAG ATA ATG ACA-3' (up) (SEQ ID NO » 



5 AAT GCG GCC GCT TAC TTC CTA GCG TCT GTC 
ATG AAA GTG TIT TCG AToNdown) <SEQ ID NO: ) 



! 

P PlCZcxA/M2 j 


5' AAG AAT T 


:;c a rc atc atg 


ATG , 


,TC AGA GGA 




GC-3' iup) (SE< 


') ID NO: ) 






i 


f AAT <3CG G 


GG GCT TAG TTC 


CTA ' 


;,GG TCT GTC 




j ATG AAA CT 


3 TTT TGG ATG--' 


down) 


■ SEQ ID NO: J 



The results annliTcauon F r:duct can men be cloned :r,o a .unable vector 
. o The tern, "primer'' denotes a specie oligonucleotide sequence complementary to a 
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target nuc.eov.de s^^ien;^ am: used to hybridize to the large! nucleotide sequence 
and sews as an munition point dor nucleotide polymerization catalyzed bv either 
DMT pol\ merase. PNA polymerase or reverse trans sripoase. ''EM Id' as used 
nereuu refers to a deletion mutant of eridosratim wherein the last nine ammo aeid 
5 residues have been deleted {i.e., NSFMTSFSKA and the term is intended to include 
fragments, mutants, homoiogs, analogs, and allelic variants of the ammo acid 
sequence of SEO ID ICO j. Although EM I was originally cloned from mouse 
nucleic acid, u performs belter than intact type endostatm (i.e., endostatm that has 
no: been mutated j m standard assays. The term EM 1 is therefore intended to 

10 include any mammalian sequence substantially similar to EM 1 as described herein, 
as well as mammalian EM 1 fragments, mutants, homoiogs. analogs and allelic 
w. riants of the mammalian EM 1 ammo acid sequence. Also, specifcallv 
encompassed by the present invention are human endostatm mutants, and more 
spec:fcaily : me human deletion mutant equivalent of EM 1 . 

15 It is to be understood that the present invention is contemoiated to include 

any derivatives of EM' 1 that have endothelial inhibitory activity (e.g., the canabilitv 
of a composition to inhibit angiogenesis in general and, for example, to inhibit the 
growth or migration of bovine capillar}' endothelial cells in culture in the presence of 
fibroblast growth factor, aiigiogenesis-associated factors, or other known urowth 

20 ;a:tors The present invention includes the entire EM 1 protein, derivatives of the 
EMI protein and biologically-active fragments of the EM 1 protein. These include 
prsteins with EM 1 activity that have ammo acid substitutions or have sugars or 
other molecules attached to amino acid functional groups. The present invention 
also inchmes genes that code for EM 1 and the EM 1 receptor, and to nrolems that 

25 are expressed by those genes. 

The invention also encompasses a composition comprising an isolated 
pc ivnucieotide encoding EM 1, as well as vectors and host cells containing such a 
polynucleotide, and processes tor producing EM 1 and its fragments, mutants, 
homoiogs. analogs and allelic variants. The term "vector'' as used herein means a 

30 carrier into which pieces of nucleic acid may be inserted or cloned. wivTh carrier 



WO 99/29855 



-13 



PCT/L 1 S98/26057 



Junctions to transfer the pieces of nucleic acid into a host ceJl Such a vector may 
also bring about the replication and/or expression of the transferred nucleic acid 
pieces. Example:; of vectors include nucleic acid molecules cierivec, e.g., from a 
plasrsiid, bacteriophage, or mammalian, plant or insect virus, or non- viral vectors 
> such as hgandmucleic acid conjugates, liposomes, or hpisi-nueieic acid complexes. 
It may be desirable that the transferred nucleic molecule is operativelv linked to an 
expression control sequence to form an expression vector capable of expressing the 
uansferred nucleic acid. Such transfer of nucleic acids is generally called 
"trensformatiom" and refers to the insertion of an exogenous polynucleotide into a 
10 hoil cell, nrespceuve of the method used lor the insertion. For example, direct 

uptane, transduction or f-matmg are included. The exogenous polynucleotide mav 
be nsamtamed as a non-integrated vector, for example, a piasnncL or alternatively, 
may oe integrated into the host genome. "Operably imbed" refers to a situation 
wherein the components described are in a relationship permitting them to function 
1 5 in ineir intended maimer, e.y.. a control sequence "operably linked" so a coding 
sequence is k gated m such, a manner that expression of the coding sequence as 
achievec under conditions compatible with the control sequence. A "coding 
sequence" is a polynucleotide sequence which is transcribed into mRNA and 
translated into a polypeptide when placed under the control of (e. q\, operably linked 
!0 to) appropriate regulatory sequences. The boundaries of the coding sequence are 
determined by a translation start codon at the 5'-terminus and a translation stop 
eodon at the .k-termmus. Such, boundaries can be naturally-occurring, or can be 
introduced into or added the polynucleotide sequence by methods known in the art. 
A ceding sequence can include, but is not limited lo, mRNA, cDNA, and 
5 ^eombinant polynucleotide sequences. 

. ne vector into which 'he cloned polynucleotide ii cloned mav be chosen 
because it functions m a prokaryoticorganism. or alternatively, it is chosen because it 
functions in a eukaryotic organism. Two examples of vectors which allow for both 
the cloning of a polynucleotide encoding the EM 1 protein, and the expression of 
0 that protein fiom the polynucieot . are the pET28(a) vector (Novagen, Madison, 
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Wisconsin. USA) and a modified pPICZaA vector (mYitrogem San Diego. 
California. USA), which allow expression of the protein in bacteria and yeast, 
espectively. 

Once a polynucleotide has been cloned into a suitable vector, i: can be 
5 transformed into an appropriate host cell. By "host cell" is meant a cell which has 
been or can be used as the recipient of transferred nucleic acid by means of a vector. 
Host cells can prokaryotic or eukaryotic. mammalian, plant, or insect, and can exist 
as single cells, or as a collection, e.g.. as a culture, or in a tissue culture, or in a tissue 
or an organism. Host cells can also be derived from normal or diseased tissue from a 

10 multicellular organism, e.g.. a mammal. Host cell, as used herein, is intended to 

include not only the original cell which was transformed with a nucleic acid, but also 
descendants of such a cell, which still contain the nucleic acid. 

In one embodiment, the isolated polynucleotide encoding the anti-angiogenic 
protein additionally comprises a polynucleotide linker encoding a peptide. Such 

] 5 linkers are known to those of skill in the ait and. for example the linker can comprise 
at least one aditional codon encoding at least one additional amino acid. Typically 
the linker comprises one to about twenty or thirty amino acids. The polynucleotide 
linker is translated, as is the polynucleotide encoding the anti-angiogenic protein, 
resulting in the expression of an anti-angiogenic protein with at least one additional 

20 amino acid residue at the amino or carboxyl terminus of the anti-angiogenic protein. 
Some linkers attached to anti-angiogenic proteins are illustrated in Figure 26. 
Importantly, the additional amino acid, or amino acids, do not compromise the 
activity of the anti-angiogenic protein. 

Alter inserting the selected polynucleotide into the vector, the vector is 

25 transformed into an appropriate prokaryotic strain and the strain is cultured (e g., 
maintained) under suitable culture conditions for the production of the biologically 
active anti-antiogenic protein, thereby producing a biologicailv active 
anti-angiogenic protein, or mutant, derivative, fragment or fusion protein thereof. In 
one embodiment, the invention comprises cloning of a polynucleotide encodinc an 

30 anti-angiogenic protein into the vectors pETl 7b or pET28a. which are then 
transformed into bacteria. The bacterial host strain then expresses the ami- 
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angiogenic protein. Typically the anti-angiogenic proteins are produced in quantities 
of about 10-20 milligrams, or more, per liter of culture fluid. 

In another embodiment of the present invention, the eukaryotic vector 
comprises a yeast vector. As described herein, one method uses a pPICza plasmid 
5 wherein the plasmid contains a multiple cloning site. The multiple cloning site 

inserted into the multiple cloning site a His. Tag motif. Additionally the vector can 
be modified to add a Net el site, or other suitable restriction sites. Such sites are well 
known to those of skill in the art. Anti-angiogenic proteins produced by this 
embodiment comprise a histidine tag motif (His. tag) comprising one. or more 

1 0 histidmes. typically about 5-20 histidines. Surprisingly, this His. tag does not 
compromise anti-angiogenic activity. 

In this embodiment, a preferred yeast expression system is Pichia paslores. 
Again, the biologically active protein is typically produced at concentrations of about 
1 0-20 milligrams per liter of culture medium (fluid). 

1 5 One method of producing EM 1. for example, is to amplify the 

polynucleotide of SEQ ID NO:l. clone it into an expression vector, e.g., pET28(a). 
pPlCZaA. or some other expression vector, transform the vector containing the 
polynucleotide of SEQ ID NO: 1 into a host cell capable of expressing the 
polypeptide encoded by the polynucleotide, culturing the transformed host cell under 

20 culture conditions suitable for expressing the protein, and then extracting and 
purifying the protein from the culture. Exemplary methods of producing anti- 
angiogenic proteins in general, and EM 1 in particular, are provided in the Examples 
below, and also in U.S. S.N. XX/XXX.XXX, "Methods of Producing Anti- 
Angiogenic Proteins.' 1 by Vikas P. Sukhatme. filed December 8. 1998, the entire 

25 teachings of all of which are herein incorporated by reference. The EM 1 protein 

may also be expressed as a product of transgenic animals, e.g.. as a component of the 
milk of transgenic cows, goats, sheep or pigs, or as a product of a transgenic plant. 
e.g.. combined or linked with starch molecules in maize. 

EM 1 may also be produced by conventional, known methods of chemical 

30 synthesis. Methods for constructing the proteins of the present invention by synthetic 
means are known to those skilled in the art. The synthetically-constructed EM 1 
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iwcvem seauen.ces. fv virtue o: shari 



or teruarv s:r:ic:ur. 



arm or comTm-ationai characteristics with «£. . re c o m b i nam i y - or o d u c ed EM 1. may 
possess biological properties m common therewith, including biological activity. 
Thus. :ae syirdteiicaliy<onstructed EM I p-oteiri sequences rnr.y be employed as 
5 biologically aco\'e or immunological substitutes for c . recombinaittly-produced. 
purified EM 1 protein m screening of therapeutic compounds and ia immunological 
pioee^ses for the development of antibodies. 

The EM 1 protein is useful m inhibiting angiogenesis, as determined in 
standard assays, and provided in the Examples below. EM 1 does not inhibit the 

10 growth of other cells types, c. u. . IMR-90 cells, or 1C-21 ceils. 

As used herein, the term '"angiogenesis" means the generation of new blood 
vessels into a tissue or cream and involves endothelial cell proliferation. Under 
normal physiological conditions, humans or animals undergo angiogenesis only in 
verv specific restricted situations. For example, angiogenesis is normally observed 

15 in wound healing, fetal and embry : nal development, and formation of the corpus 
iuteum. endometrium and placenta. The term ''endothelium" means a thin layer of 
flat epithelial cells that lines serous caviti.es. lymph vessels, and blood vessels. 
TAnti-angiogenic activity'' therefoie refer:- to the capability of a composition to 
inhibit the growth of blood vesseic. The growth of blood vessels is a complex series 

20 o. w ent-, and includes localised breakdown of the basement membrane lying under 
the individual endothelial cell-, proliferation of tho>e cells, migration of the cells to 
the location of the future blood vessel, reorganization of the cells to form a new 
vessel membrane, cessation of endothelial cell proliferation, and. incorporation of 
pericytes and other cells that ; upport the new blood vessel wall. "Anti-angiogenic 

2 ~ activity'' as used herein therefore includes interruption of any or ail of these stages. 
\Mth the end result that formation of new blood vessels is inhibited 

Anti-angiogenic activity may include endothelial inhibiting activity, which 
refers to the capability on" a composition 13 inhibit angiogenesis in general and, for 
example, to inhibit the growth or migration of bovine capillar)' endothelial ceils in 

30 culture m the presence of fibroblast growth factor, angiogenesis-associated factors. 
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or other kn.wn growth factors. A "g.owth factor" is a composition that stimulates 
the growth, reproduction, or synthetic activity of cells. An "angiogenesis-associated 
factor- is a factor winch e.ther inhibits or prommes oncogenesis An example of an 
angioiene-iis-asscciated factor is an angiogenic growth factor, such as basic 
5 fibroblastic growth factor ( bFGF), which is an angiogenesis promoter. Another 
examoie of an angiogenesis-associatcd factor is an angiogencsis inhibiting, factor 
such ,s . angiostaun .see. e.*, U.S. Pat No. 5.801.012, U.S. Pat. No. 5,S37,o82, 
U.S Pat. No 5.733.876, U.S Pat Mo. 5,77*.7«.4, U S Pat. No. 5,639.725. U.S. Pat. 
No. 5,792.845. WO 96/35774. WO o 5 /29242, WO 96/41 194, WO 97/22500) or 

1 0 end«tatin ( see, c. g. , WO 97.' 1 5666 > 

By "substantially the same biological activity" or "suostamiuily the same or 
superior b iological activity" is meant that a composition has ann-angiogenic activity, 
and behaves similarh as does EM 1. as determined in standard assays. "Standard 
assays" include, but are not limited to, those protocols used In the molecular 
15 biological arts to assess ami-angiogemc activity, cell cycle arrest, and apoposis. 
Such assays indue*, but are not limited to. assa> s of endothelial cell proliferation, 
endcthehal cell migration, cell cycle analysis, and endothelial cell tube formation, 
detection oi aooptosis, L go. by apoptotic celt morphology or Annexm Y-FITC assay, 
chorioallantoic membrane (CAM; assay, and inhibition of renal cancer tumor growth 
20 in nude mice. Such assays are provided m the Examples below, ana m U.S.S N 
60'06U88S. filed December 8, 1997 : U S.S.N. 60082.663. filed April 22, 1998, 
U.S. S.N. O0NC8.536, filed November 16, 1998, and in U.S. S.N. XX/XXX,XXX, 
Noe-stin ana Methods of Use Thereof," by Vika, P. Sukhatme, filed December 8, 
l<v: f g and U.S. S.N XX/XXX.XXX, '-'Methods of Producing Anti-Angiogenic 
25 Proteins,- by Vikas P. Sukhatme. filed December 8, 1998, the entire teaching, of all 
of which are herein incorporated by reference. Such methods are also included in 
Dhanabai a/ al. 0*98) ("Endostatin Induces Endothelial Ceil Apoptosis." J Biol. 
Chcm., submitted;, and m Dhanabai at al. (1999) ("Coning, Expression and m vitro 
Activity of Human Endostatmd Cancer Res. An press). Evaluating the ED :0 of a 
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tnatam :: < ' : ' :v - — assays described herein is a i:se:\^ method euhecmparina 

activities. 

.-vs. used herein. oED 5 f ;s an abbreviation for the amount of a composition 
which reduces a biological effect by one-half, relative to the biological effect seen in 
r the absence of the composition. 

The invention also describes fragments, mutants, homologs and anaioas of 
EM 1 . A "fragment" of EM 1 any ammo acid sequence shorter that the EM ] 
moiecuie. comprising at least 2: consecutive ammo acids of the EM i polypeptide. 
Such mutants may or may not also comprise additional aim no acids derived from the 
1(J process cf cloning, a. cm ammo acid residues or ammo acid sequences corresponding 
to mil or partial linker sequences. To oe encompassed by the present invention, such 
mutants with or without *uch additional amino acid residues, must have 
substantially the same bit-logical activity as the natural or full-length version of the 
reference polypeptide. 

1 5 By t: mutam :; of EM 1 :s meant a polypeptide that includes a;w change in the 

ammo acid sequence relative to the ammo acid sequence of the equivalent reference 
E:M 1 polypeptide. Such changes can arise either spontaneously or by manipulations 
by man. by chemical energy (e.g.* X-ray), or by other forms of chemical 
mutagenesis, or by genetic engineering, or as a result of mating or other forms of 

20 exchange of genetic information. Mutations include, e.g., base changes, deletions, 
insertions, inversions, translocations, or duplications. Mutant forms of EM 1 mav 
dispiay either increased or decreased anmangiogemc activity relative to the 
equivalent reference EM \ polynucleotide, and such mutants may or may not also 
comprise additional ammo acids derived from the process of cloning, e.g.. ammo 

25 acid residues or ammo acid sequences corresponding to full or partial linker 
sequences. 

By "analog." of EM 1 is meant a non-natural moiecuie substantially similar to 
either the entire EM ] moiecuie or a fragment or allelic variant thereof and having 
substantially the same or miperior biological c:cdvit\ . Such analogs are intended to 
30 include derivatives (e.g., chemical derivatives, as defined abovEj of the bioloaicaliv 



WO 99/29855 PCT7US98/26057 

-In- 
active EM 1, as well as its fragments, mutants, homology and alielic variant::, which 
derivative!, exhibit a qualitatively similar agonist or antagonist effect to that of the 
unmodified EM 1 polypeptide, fragment, mutant. homoloL:, or allelic variant 

By "anele" of EM I is meant a polypeptide sequence containing a natural! y- 
5 occurring sequence variation relative to the polypeptide sequence of the reference 
EM i polypeptide. By ''allele" of a polynucleotide encoding the EM 1 polypeptide is 
meant a polynucleotide containing a sequence variation relative to the reference 
polynucleotide sequence encoding the reference EM 1 polypeptide, where the allele 
o: : the polynucleotide encoding the EM 1 polypeptide encodes an allelic form of the 

10 EM 1 polypeptide. 

L: is possible that a given polypeptide may be either a fragment, a mutant, an 
analog, or allelic variant of EM 1, or it may be two or more of those things, c.ty a 
polypeptide ma)' be both an analog and a mutant of the EM 1 polypeptide. For 
e::ampie, a shortened version of the EM 1 molecule (e.g., a fragment of EM 1) may 

1 5 be created in the laboratory. If that fragment is then mutated through means known 
m the art, a molecule is created that :s both a fragment and a mutant of EM 1 . In 
another example, a mutant of EM 1 may be created, which is later discovered to 
exist as an allelic of EM i in some mammalian indi viduals. Such a mutant EM 1 
molecule would therefore be both a mutant and an allelic variant of EM 1 Such 

20 combinations of fragments, mutants, allelic variants, and analogs are intended to be 
encompassed in the present invention. 

Encompassed by the present invention are proteins that have substantially the 
same amino acid sequence as EM 1 . or polynucleotides that have substantial ly the 
same nucleic acid sequence as the polynucleotide encoding EM } . "Substantially the 

25 same sequence' 1 means a nucleic acid or polypeptide that exhibits at least about 70 % 
sequence identity with a reference sequence, eg , another nucleic acid or 
polypeptide, typically at least about 80% sequence identity with the reference 
sequence, preferably at least about 90% sequence identity, more preferably at least 
about 95% identity, and most preferably at least about 97% sequence identity with 

30 the reference sequence. The length of comparison for sequences will generally be at 
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ie^5i ~: nucleotide cases or 25 amine a: ids. more piaierabfy at ieast 1 50 nucleotide 
bases or 50 ammo acids, and mom preferably 245-2^- nucleotide buses oi SI -88 
amhm ac:as. 'Po'ypeptid A as used herein indicates a molecular cham of ammo 
acids arm does no: ream 10 a specific length of the product. Tims, peoadea 
5 oligopeptides and protems are mciuded witiim the definition of polypeptide. This 
term: is also intended to include polypeptide that have been subiectec to post- 
exore; s:on modifications such as, for example, giycosymtioiis, acetylntions. 
phosphorylations and Tie The. EM L in general, has less man 7 0%- ammo acid 
sequence identity with endostatim 

10 "Sequence identity / as used herein, refers to me subunit sequence similarity 

between two poiymeri ; molecules, e.g., two poiynuciectides or two ooiypeptides . 
When a subunit position in both of the two molecules is occupied b> the same 
jt: o n o m en c s u b u n 1 1, e. o . if a posili o n in e ac h of two p e p t ides is o c cup i ed b y s en n e . 
then they are identical at that position. The identity between two sequences is a 

15 dmect function of the number of matching or identical positions, e.g , if half (e g.. 5 
positions in a poiymer 1 0 subunits m length), of the positions in two peptide or 
compound sequencer are identical, then the two sequences are 50% identical; if 90% 
of the positions, a <a (J of 1 0 are matched, the two sequences shme 9000 sequence 
identity By way of eaample. the amino acid sequences YRGLOP and HAFLQP 

20 hove 0 of 6 positions in common., and therefore share 50A. sequence identity, while 
the sequences VRGLOP and AFLQP have 3 of 5 positions in cemmom and therefore 
share 60% sequence identity. The identity between two sequences is a direct 
function of the number of matching or identical positions. Tlrm. :T a portion of the 
reference zzquenze is deleted in a particular peptide, that deleted section :s not 

25 c ounted for purposes of calculating sequence identity, c g. . YRGLQP anc VFtGLP 
have 5 out of 6 position in common, and therefore share 83.3% sequence identity. 

Identity is often measured using sequence analysis s oftware a g. . 3LASTN or 
BLASTP (available at imoAwwvv. nebi.nim.nih.gov 'BLAST/). The default 
parameters for comparing two sequences (e.g., "Biasf'ang two sequences against 

30 each other. nttpaV'wwoNsncbr nimmih.gov; goimbl2.html} by BLASTN (for nucleotide 
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sequences) are reward for match - 1 , penalty for mismatch = -2. open gap ~= 5. 
extension eat) - 2. When using BLASTP for protein sequences, the default 
parameters are reward for match - 0. penalty for mismatch = 0. open gap = 1 L and 
extension gap = 1 . 

5 When tv.o sequences share "'sequence homology/' it :s meant thai the two 

sequences differ from each other only by conservative substitutions. For 
polypeptide sequences, such conservative substitutions consist of substitution of one 
amino acid at a 2,iven position in the sequence for another ammo acid of the same 
ciass .0:'.-. ammo acids that share characteristics of hydronhobicity, chaige, pK or 
10 oiher conformational oi chemical properties, e.g., valine for leucine, argmine for 
Ivsineh or by one or more non-conservative ammo acid substitution^ deletions, or 
insertions, located at positions of the sequence that do not alter the conformation or 
folding of the polypeptide to the extent that the biological activity :>f the polypeptide 
b destroyed. Examples of "conservative substitutions" include substitution of one 
i 5 r; on-polar (hydiopiiobic) residue such as isoieucme, valine, leucine or methionine for 
another: the substitution of on; polar (hydrophiiic) residue for anouvv such as 
between nrgimne and lysine, between glutamine and asparagme, between glycine 
and serine; the substitution of one basic residue such as lysine, argmme or histidme 
for another; or the substitution of one acidic residue, such as aspartic acid or 
20 glutamic acid lor another, or the use of a chemically denvatized residue in place of a 
nou-derivatmec residue; provided that the polypeptide displays the requisite 
biological actnity Two sequences which share sequence homology may called 
' sequence homoiogs." 

Homology, for polypeptides, is typically measured using sequence analysis 
25 software (e.g , Sequence Analysis Software Package of the Genetics Computer 
Croup, University of Wisconsin Biotechnology Center, 17! 0 University Avenue. 
Madison, Wl 53705). Protein analysis software matches similar sequences by 
ass icmma decrees of homology to various substitutions, deletions, and other 
modifications. Conservative substitutions typically include substitutions v/ithm the 
30 following groups: glycine, alanine; valine, isoleucme, leucine; aspartic acid, 
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ciatanuc acid, asparagine. zlaiammc. serme thrwmme. lysine, argimne. ana 
pnmyialamnc, tyrosine 

.-d.-o encompassez by the present invention are chemical derivatives of 
EM \ . "Chemical derivative'' refers to a subject polypeptide having one or more 
5 residues chemically derivatized by reaction of a functional side group. Such 
cienvatired residues include for example, those molecules in which free amino 
grourxs have been derivatized to form amine hydrochlorides, p-tolucne sulfonyl 
uroups. carbobenzoxy groups, t-butyloxycarbonyl groups, chloroacetyl groups or 
formvl groups. Free carboxyl groups may be derivatized to iorm salts, methyl and 

10 eihvl esters cr oaier types of esters or hydrazide^ . Free hydroxy! groups may be 
derivatized to form G-ac\ 1 or O-alhyi der\'aiives. The imidazole nitrogen of 
iiistidine ma> be derivatized to form Nuinhenzyimstidina. Also included as 
chemical derivatives are tnose peptides which contain one or more naturally 
occurrina ammo acid derivatives of the twenty standard amino acids. For examples: 

] 5 4-hydro::y proline may be suestituted tor proline, b-hyciroxylysine may be substitute 
for iwsine. 3-methylhistidine may be substituted for histidine: h amoserine may be 
substituted for serine: una ornithine may be substituted for lysine. 

Polynucleotides encoding EM 1 can be cloned out of isolated DNA or a 
cF'NA hbrarw Nucleic acids polypeptides, referred to herein as ''isolated' 1 are 

20 nucleic acica or ixdypeptidcs substantially free {i.e.. separated away from) the 

maternal of the biological source from which they were obtained (e.g., exists in a 
mixture of nucleic acids or in cells ), which may have undergone further processing. 
''Isolated" nucleic acids or polypeptides include nucleic acids or polypeptides 
ohtainea by methods described herein, similar methods, cr other suitable methods. 

25 including essentially pure nucleic acids or polypeptides, nucleic acids oi 

polypeptides produced by chemical synthesis, by combinations of chemical or 
biological methods, and recombinant!}* produced nucleic acids or polypeptides whei" 
arc isolated. An isolated polypeptide therefore means one which is relatively free oi 
other nrctems. carbohvdiates. lipids, ono other cellular components with which it is 

30 normally associated. An isolated nucleic acid is not immediately contiguous with 
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caientiy linked to; both of the nucleic acids with which it is immediately 
contiguous in the naturally-occurring genome of the organism from which the 
nucleic acid is derived. The term, therefore., includes, for example, a nucleic acid 
winch is incorporated into a vector (e.?.,an autonomously replicating virus or 
5 plasmid). or a nucleic acid which exists as a separate molecule independent of other 
nucleic acnds such as a nucleic acid fragment produced by chemical means or 
restriction sndonuclease treatment 

The polynucleotide: and pr Mains of the present invention can aiso be used to 
design proocs to isolate other anti-angiogenic proteins. Exceptional methods are 
! 0 provided in U.S. Pat. No. 5,837,493. by Jacobs el a!., the entire ceachmgs of which 
are herein incorporated by reference in their entirety. The design of the 
oligonucleotide probe should preferably follow these parameters: (a) It should be 
designed to an area of the sequence which has the fewest ambiguous bases ("N's"), if 
any, and <b) It should be designed to have a T m ofapprox. 80° C (assuming 2°C for 
1 5 each A or T and 4 degrees for each G or C). 

The oligonucleotide should preferably be labeled with g- 32 P ATP (specific 
activny 6000 CM/mmoie) and 74 polynucleotide kinase using commonly employed 
techniques for labeling oligonucleotides. Other labeling techniques can aiso be used. 
Unincorporated label should preferably be removed by gel filtration chromatography 
20 or other established methods. The amount of radioactivity incorporated into the 
•probe should be quantitaurd by measurement in a scintillation counter. Preferably, 
specific activity of the resulting probe should be approximately 4 x 10 6 dpm/pmole. 
The bacteria! culture containing the pool OS full-length clones should preferably be 
thawed and 100 ul of the stock used to inoculate a sterile culture flask containing 25 
25 nil of sterile L-bioth containing ampicitltn at 100 ug/ml. The culture should 
preferably be grown to saturation at 37 e C, ana the saturated culture :houlci 
preferably be diluted in fresh L-broth. Aiiquots of these dilutions should preferably 
be plated to determine the dilution and volume which will yield approximately 5000 
distinct and well-separated colonies on solid bacteriological media containing 
30 L-broth containing ampieilim at 100 ug/rni and agar at 1.5% in a 150 mm petri dish 
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vow:: grown overman: m 3 ' C Outer known :/:e:.w,v of obtaining distinct, 
vrek-separated colonies can also be envoioved. 

Sumaara colony nybrica nation procedu:^s should men be usee: 10 transfer the 
colordes to nitrocellulose filters and jyse. denature and bake them. Kigkh stringent 
5 condition are those thai are at leas: as stringent as, lor example. Ix SSC ai 65 C C. or 
ix SSC and 5 OH lormamide a: -2 S C. Moderate stringency conditions areihore that 
are ai least as stringent as 4x SSC at 65 XT or 4x SSC and 5 OX mrmamnde at 42 °C. 
Reduced stringency conditions are those that are at least as stringent as Ax SSC at 
5 0 r C or ox SSC and 50X formamide at 4b' C. 

10 The filter is then preferably incubated at 65 °C for 1 hour with gentle 

agnation in 6. times. SSC < 2ox stock is 1XT3 g XaCluuer. SSC g Na citrate/liter, 
ac :usted to pH AO with NaOH) containing OCX.. SXS. ] 00 ugml of veast RNA, and 
1 0 mM CDTA : approximately 1 0 mL per 150 mm filter), Preferably, the probe is 
men addea to the hybridization mix at a concentration greater than or equal to 1 x 

1 5 1 0 ' dpm.mL. The filter is then preferably incubated at 65 °C with gentle agitation 
overnight The filter is then preferably washed in 500 mL of 2x SSC/0.5% SDS at 
room temperature without agitauon. preferably followed by 500 mL of 2x SSC/C.1% 
SDS at room temperature with gentle shaking for ] 5 minutes. A third wash with 
0. Ix SSC'O.fCo SDS at 65 C C for 30 minutes to i hour is optional. The niter is then 

20 preierabiy dried and subjected m autoradiography for sufficient time to visualize the 
positives on the X-ray fun. Other known hybridization methods can also be 
employed. The positive colonics are then picked, grown in culture, and rlasrmd 
DXA isolated using standard procedures. The clones can then be verified bv 
!cmi j c Lion aiiaiysm hybridization analysis, or DXA sequencing. 

dX The present invention also includes fusion proteins and chimeric proteins 

comprising EM 1 . its fragments, mutants, homoiegs. analogs, and allelic variants. A 
tusion or chimeric protein can consist of a mul timer of a single protein, e cm reseats 
of EM 1 or repeats of apomigrem or the tusion and chimeric proteins can be made up 
of several proteins, ^,r. EM 1 and apomigren TX?. fusion proteins can comprise a 

30 combination of two or more known anti-angicgenic proteins X-X? angiostatin. 
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endostatim restuy or apomigrcm or biologically acitve fragments thereof), or an 
anti-angiogemc protein in combination with a targeting agent (e.g.. endostatm with 
epidermal growth r actor (EOF) or ROD peptides;, or an ami-angiogenic protein in 
combination with an immunogiobuun molecule (a.g. . endostatm and IgG. 
5 specificallv with the rc portion removed';. As used herein, "restin" is a protein 
comprising about 170 to about 200 amino acid residues, and has at least 70% 
sequence identity with the C -terminus of the NC] C domain of the al chain of human 
Type XV collagen. As used herein, "apomigren" is a fragment of restim and 
comprises the last w : ID 90 contiguous amino acids corresponding to the C-verminus 

10 of the NC10 domain or the oA chain of human Type XV collagen. The fusion and 
chimen: proteins can also include EM. 1 . its fragments, mutants, homologs. analogs, 
and allelic variants, and other anti-angiogemc proteins, e p., endostatm or 
angiostatin. The term "fusion protein" as used herin can a. so encompass additonal 
components for e.g.. delivering a chemotherapeutic agent, wherein a polynucleotide 

15 encoding the chemotherapeutic agent is linked to the polynucleotide encoding the 
anti-amaiogenic protein. Fusion proteins can also encompass imatimers of me 
anti-angtogenic oroteim e.g.. a dimer or trimer of endostatm. Such fusion proteins 
can be linked together via post-translational modification Ay. - chemically linked), 
or the entire fusion protein may be made reeombmantly. 

20 Also included m die inventions are compositions containing, as a biological 

ingredient. EM : . as well as its fragments, mutants, homoiogs, analogs, and allelic 
variants to inhibit or enhance angiogenesis in mammalian tissues, and use of such 
compositions in the diagnosis, prognosis, and treatment of diseases and conditions 
characterized lay. or associated with, angiogenic activity or lack thereof. Such 

25 methods can involve administration by oral, topical, injection, implantation, 
sustained release, or other delivery methods. 

The invention inc ludes use of EM A and its fragments, mutants, homoiogs. 
analogs, allelic variants, and fusion and chimeric proteins as biologically-active 
agents in compositions for the purpose or treating diseases or conditions that are 

30 associated with angiogenic activity. Methods of treating such diseases include 
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:(?:'::::c::ik the affected tissue w ith a composition comprising HM 1 . ks fragment:., 
mutants. ;:(j:';joio^s. araicga. o:' allelic varianis. 

The present invention include.-; ike methoc of treating an angiogenests- 
mediated disease with a tiierapauticaky effecvivc amount of EM 1. or a biologically 
5 act use fragment thereof, or combinations of KM ! fragments that possess anti- 
arigiozemc activity, oi EM 1 agonists and antagonists. Aiigiogenesis-mediatec! 
diseases include, out are not .united to. cancers, solid tumors, blood-born tumors 
iM o . ieukeimasg tumor metastasis, benign tumors (osy . hemangiomas, acoustic 
neuromas, neuum aromas, trachomas, ana pyogenic granulomas ), rheumatoid 

10 arthritis, ssonasis. ocular angiogenic diseases wow diabetic retinopathy, retinopathy 
of prematurity, macular oeeeueratiom corneal graft rejection, neovaseuiar glaucoma, 
retroiental f oropkuia. rureosis). Osier- Webber Syndrome, myocardial 
anmoaenesis, rlaque neovascularization, telangiectasia, hemophiliac joints., 
angiofibroma, and wound granulation. EM 1 is useful in the treatment of diseases of 

15 excessive or abnormal stimulation of endothelial cells. These diseases include, but 
are nat limited to, intestinal adhesions. Crohn's disease, atherosclerosis, scleroderma, 
and hvuenrophic scars (:' o. keloids). EM 1 can be used as a birth control agent by 
orevenun_ vascularization required for embryo implantation. EM 1 is useful in the 
treatment oi diseases that have angiogenesis as a pathologic consequence such a? cat 

20 scratch disease (Rocmle minaha qinnfosa) ana uioers {Hti lobactcr pylori). EM 1 
can also be used to prevent dialysis graft vascular access stenosis, and obesity, e g., 
by inhibiting capihaiy formation in adipose tissue, thereby preventing its expansion. 
EM I can also be use: to treat localized (e.g.. nonmetastisized) diseases. "Cancer'' 
means neooiashc mowth. hyperplastic or proliferative growth or a pathological state 

25 of abnormal cellular development and includes solid tumors, non-solid tumors, and 
aim abnormal ceilmar proliferation, such as that seen in leukemia. As used herein. 
I; cancer ,; also means angmgenesis-dependent cancers and tumors, i.e., tumors that 
require for their growth ''expansion in volume and 'or mass i an increase in the 
number and density of the blood vessels supplying them with blood. "Regression" 

30 refers to the reduction of tumor mass and size. As used herein, the term 
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"therapeutically effective amounE means the toiai amount of each active component 
of the composition or metnoci that is sufficient to mow a meaningful patient benefit, 
/ cm treatment, healing, prevention or amelioration of the relevant medical condition, 
or an increase :n rale of treatment, nealing, prevention or amelioration of such 
5 condition o When aropiiec: 10 a combination, the term refers to combined amounts of 
the active ingredients that result m the therapeutic effect, whether administered in 
c omfomatiom serially or smvultaneously. 

Alternatively, where an increase in angiogenesi s :s desired, e.g., m wound 
healing, or in post-infarc: heart tissue, antibodies or antisera to the EM 1 protein can 
1 0 be used to block localized, native arm-angiogemc proteins and processes, and 

thereby increase formation of new blood vessels so as to inhibit atrophy of tissue. 

EM 1 may be used in combination with other compositions and procedures 
lor the treatment of diseases. For example, a turner may oe treated conventionally 
with surgery, radiation, chemotherapy, or immunotherapy combined with EM 1 and 
1 5 then EM 1 may be subsequently administered ro the patient to extend the dormancy 
rf micrometastases and to stabilize and inhibit the growth of any residual primary 
tumor. EM ) , EM 1 rragments, EM 1 antisera, EM 1 receptor agonists, EM 1 
receptor antaeomsts, or combinations thereof, can also be combined with other anti- 
antiioaenic compounds, or proteins, fragments, antisera, receptor agonists, receptor 
20 antagonists of other anti-angiogemc proteins (e.g.. angiostanm endostaum restin, 
apemigren). Additionally. EM E EM I fragments. EM 1 antisera, EM I receptor 
agonists, EM 1 receptor antagonists, or combinations thereof, are combined with 
pharmaceimcauy acceptable excipiems. and optionally sustained-release matrix, 
such as biodegradable polymers, to form therapeutic compositions The 
25 compositions of the present invention may also contain other anti-angiogemc 
proteins or chemical compounds, such as enciostatm, angiostatim restin and 
aponiigren (both of which are described in in U.S. S.N XX/XXX,XXX, "Restin and 
Memoes of use Thereof 1 , by Yikas P. Sukhatme. filed December X 1998, the entire 
teachings of winch are herein incorporated by leference), and mutants, fragments, 
30 and analogs thereof. The compositions may further contain other agents which 
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either enhance 'he activity of the protein or compliment its nctivhv or use ::i 
treatment, such as cnemotnerapeiiti: or radioactive agents. Suea additional factors 
and: or agents ma}' be included in the composition to procuce a synergistic effect 
with protein of the invention, or to minimize side effects. Additionally. 
5 administration of the composition of the present invention may be administered 
concurrently with other therapies, e.g., administered in conjunction with a 
chemotherapy or radiation therepy regimen. 

The invention includes methods for inhibiting angiogenesis in mammuhan 
tissues b\ contacting the tissue with a composition comprising the proteins of the 
10 invention. By ''contacting 11 is meant not only topical application, but also those 

modes of delivery that introduce the composition into the tissues, or into the cells of 
the tissue r. 

i ..' : e of timed release or sustained release deliver}- system:; are also included 
in the invention Such systems are nigbiy desirable in situations where surgery is 

15 difficult or impossible, on, patients debilitated by age or the disease course itself, or 
where the rish-benefit analysis dictates control over cure. 

A sustained-release matrix, as used herein, is a matrix made of materials, 
usual h' polymers, which are degradable by enzymatic or acid/base hydrolysis or bv 
dissolution, unce inserted into the bod}', the matrix is acted upon bv enzymes and 

20 body fiuics. The sustained-release matrix desirably is chosen from biocompatible 
materials such as liposomes, polylactides (polyiactic acid), polyglycolide (polymer 
of giycolic acid), polylactide co-glycolide (co-poiymers of lactic acid and giycolic 
acid) poiyannydndes, poly( orthojesters. polyproteins. hyaluronic acid, collagen, 
chondroitin sulfate. Ccaboxyiic acids, fatty acids, phospholipids, polysaccharides. 

2c nucleic acids, poiyamino acids, ammo acids such as phenylalanine, tyrosine. 

isoleucme, polynucleotides, polyvinyl propylene, polyvinylpyrrolidone and silicone. 
A preferred biodegradable matrix is a matrix of one of either polylactide, 
polyglycolide, or polylactide co-glycolide (co-polymers of lactic acid and ulycoiic 
acid ). 
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The angicgeiiesis-modulatmg therapeutic composition of the present 
invention may be a solid, liquid or aerosol and may be administered by any known 
route of administration. Examples of solid composition; include pills, creams, and 
implantable dosage units. The pills may be administered orally, the creams may be 
5 administered topically. The implantable dosage unit may be administered locally, for 
example at a tumor site, or which may be implanted for systemic release of the 
angiogenesis-mosulating composition, fcr example subcutaneousiy . Examples of 
liquid composition include formulations adapted for injection subcutaneousiy., 
intravenously, intraarterial!}', and formulations for topical and mtraocular 
10 administration. Examples of aersol formulation include inhaler formulation for 
administration to the lungs. 

The EI 4 : proteins and protein fragments with the anti-angiogenic activity 
describee above ran be provided as isolated and substantially purified proteins and 
protein fragments in pharmaceuticaliy acceptable formulations using formulation 
15 methods known to those of ordinary skill in the art. These formulations can be 

administered by standard routes. In general, the combinations may be administered 
by the toxical, transdermal, intraperitoneal, intracranial, iritracerebro ventricular, 
intracerebral, miravagmah intrauterine, orak rectal or parenteral (e.g.. intravenous, 
intraspinal, subestaneous or intramuscular) route, in addition, the EM 1 may be 
20 incorporated into biodegradable polymers allowing for sustained release of the 

compound, the polymers being implanted in the vicinity of where drug delivery is 
desired, for example, at the site of a tumor or implanted so that the EM 1 is slowly 
released systemicaliy . Osmotic minipumps may also be used to provide controlled 
delivery of high concentrations of EM 1 through cannulae to the site of interest, such 
25 as directly into a metastatic growth or into the vascular supply to that tumor. The 

biodegradable polymers and their use am described, for example, in detail in Brem ai 
ui ( 1991 ) (J. Neurcsurz 7^.44 1-446),. which is hereby incorporated by reference in 
its entirety. 

The compositions containing a polypeptide of this invention can be 
30 administered intravenously, as by injection of a unit dose, for example. The term 
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"unit core" when tvea in reference tc a therapeutic composition of the present 
invention refers to physically discrete units suitable as umtarv dosage ior the stibieat. 
each unit containing a predetermined quantin of active materia: calculated to 
produce the desired therapeutic effect m association with the required diluent; : a.. 
5 earner or vehicle. 

Modes o: administration of the compositions of the present inventions 
include intravenous, intramuscular, intraperitoneal, muasternai. subcutaneous and 
intraarticular injection and infusion. Pharmaceutical compositions for parenteral 
injection comprise pharmaceutical!}* acceptable sterile aqueous or nonaqueous 

10 solutions, dispersions, suspensions or emulsions as well as sterile powders for 
recoiistitution into lUeriie injectable solutions or dispersions just prior to use. 
Examples of suitable aqueous and nonaqueous carrieis. diluent n solvents or vehicles 
include water, ethanoh polyois (e.g., glycerol, propylene glycol, polyethylene givcoi 
and the like), carboxymethyicellulose and si.ntabie mixtures thereof, vegetable oils 

15 ciive oil) and injectable organic esters such as ethyl oieate. Proper fluidity 

may be maintained, lor example, by the use of coating material? such as lecithin, bv 
the maintenance of the required particle size in the care of dispersions and bv the use 
of surfactants. There compositions may also contain adjuvants such as 
preservatives, wetting agents, emulsifying agents and dispersing aaents. Prevention 

20 of the action of microorganisms may be ensured by the inclusion of various 

antibacterial and antifungal agents such as parabem chiorobutanoh phenol sorbic 
acid and the like. It may also be desirable to include isotonic agents such as sugars, 
sodium chloride and the like. Prolonged absorption of the injectable Dharmaceuticul 
form may be brought about by the inclusion of agents, such ai aluminum 

25 monostearate and gelatin, which delay absorption. Injectable depot forms are made 
by forming microencapsule matrices of the drug in biodegradable polymers such as 
poiyiactide-polygiycolide. poiyforihoesters i and polyi'anhydrides). Dependmu upon 
the ratio of drug to polymer and the nature of the particular pointer employed, the 
rate of drug release can be controlled. Depot injectable formulations are also 

30 prepared by entrapping the drug in liposomes or microemulsions which are 
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compatible with body tissues. The injectable formulations may be sterilized, for 
example, by fiittation through a bacterial-retaining filter or by incorporating 
sterilizing agent? m the form of sterile solid composit. ;ms which can be dissolved or 
dispersed :n sterile water or other sterile injectable media just prior to use. 
5 The therapeutic impositions of the present invention can include 

pharmaceutical^ acceptable salts of the components therein, e.g., which may be 
derived from inorganic or organic acids. By "pharmaceuticaliy acceptable salt" is 
meant those salts which are, within the scope of sounci medical judgement, suitable 
fo r use m contact with the tissues of humans and lower animals with air. undue 
i 0 toxicity, irritation, allergic response and the like and are commensurate with a 

reasonable benefit/risk ratio. Pharmaceutical ly acceptable salts are well-known in 
the art Fx example. S. M. Bevge, el al. describe pharmaceuticaliy acceptable salts 
• n detail in./. Pharmuccutica! Sciences (1977) 66:1 et sec,., which is incorporated 
herein by reference. Pharmaceutical!-.' acceptable salts include the acid addition salts 
: 5 ( formed with tire free ammo groups of the polypeptide) that are formed with 
inorganic acids such as. for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, tartaric, mandelic and the like. Salts farmed with the free 
carboxyi groups can also be derived from inorganic bases such as. ir: example, 
sodium, potassium, ammonium, calcium or ferric hydroxides, and such organic 
20 bases as isopropyiamiiie. mmethylamme. 2-ethylamino ethanol. nistidine. procaine 
and the like. The salts may be prepared in situ during the final isolation and 
purification of die compounds of the invention or separately by reacting a free base 
function wifn a suitable organic acid. Representative acid addition salts include, but 
are not limited to acetate, adipate, alginate, citrate, aspartate, benzoatc. 
25 bcnzenesulfonate, bisclfate, butyrate, camphorate. camphorsufonate, digluconate. 
glycerophosphate, hemisulfate, heptonoate, hexanoate. fumarate, hydrochloride, 
hydrobromide. hydroi xiide, 2-hydrc xymethanesuifonate ( isethionatef. lactate, 
maleate. methanesulionate, mcotmate, 2-naphthalenesuifonate, oxalate, pamoate, 
pectinate, persulfate. 3-phenylpropi mate, picrate, pivalate, propionate, succinate, 
30 tartate. thiocyanate. phosphate, glutamaie. bicarbonate, p-toluenesulfonate and 
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an jec:aioa:c\ Also. the basic n : tr o g en - c e ut ai u : it g groups can be aaaternieed with 
such age:::: as lower alky; ha: ides such as meth\h ethyl, propyl, and batvi chlorides. 
:N roniides and iodides: diaihyl sulfates lace dimethyl, diethyl, uihutvi. and diamv! 
sulfates: long chain nances such as dee\h ianryl. myrisui one stcarv; chlorides. 
5 bromides and iodides: arylalip. i haiides like benzyl ana phenethy] bromides and 

others. Water or oil-soluble 01 dispersible products are thereby obtained. Examines 
of acids which may be employed to form pharmaceutical!}' acceptable acid addition 
sc. Its; include such inorganic acids as hydrochloric acid, hydrobromic acid, sulphuric 
acid ana phosphoric acid and such organic acids as oxalic acuh maleic acid, succinic 

1 0 acid and curie acid. 

As used herein, the terms ''pharmaceutical!)' acceptable/' ''physiologically 
tolerable" and grammatical variations tnereof as they refer tc compositions, carriers, 
diluents and reagents, are used interchangeably and represent that the materials are 
capable oi" administration to or upon a mammal with a mini mum of undesirable 

1 5 physiological effects such as nausea, dizziness, gastric upset end the like. The 
preparation of a pharmacological composition that contains active ingredients 
dissolve;! or dispersed therein is well understood in the art and need not be limited 
based or. formulation. Typically such compositions are prepared as injeetables 
eitner as hquid solutions or suspensions, however, solid forms suitable lor solution. 

20 or suspensions, in liquid prior 10 use can also oe prepared. The preparation can also 
oe emulsified 

ld:e active ingredient can be mixed with excipemts which are 
pharmaceutically acceptable and compatible with the active ingredient and m 
amounts suitable lor use in the therapeutic methods described herein. Suitable 
25 excipients include, for example, water, saline, dextrose, glycerol, ethanol or the like 
ana combinations thereof. In addition, if desired, the composition can contain minor 
amounts of auxiliary substances such as wetting or emulsifying agents, pi I buffering 
agents and the like which enhance the effectiveness of the active ingredient. 

The EM ; polypeptide? of the present invention can also be included in 
30 composition comprising a prodrug. As used herein, the term "prodrug 11 refers to 
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compound- which are rapidly transformed in vivo to yield me parent compound, for 
example, by emwmatic hydrolysis in blood. A thorough discussion is provided in T. 
H:guchi and V. Stella, Prodrvgr as Aw el Delivery Systems. Vol. 14 of the ACS 
Symposium Series and in Edward B. Roche, ed.. Biom ersible Carriers in Druz 
o Design. Amencan Pharmaceutical Association and Permagon Press, 1987. both of 
which arc incorporated herein by reference. As used herein, the term 
'•pharmaceutical!*' acceptable prodrug" lefers to .. ] ) those prodrugs of the compounds 
of the present invention which are, withm the scope of sound medical judgement, 
suitable far use m contact w\± the tissue:.; of human:: and animals without undue 
] 0 toxicity, irntation, allergic response and the like, commensurate with a suitable 

benem-;o-i:sk ratio and effective tor their intended use and (2) zwinenonic forms, 
where possible, of the parent compound 

The dosage of the EM 1 of the present invention will depend on the disease 
state or condition being treated and other clinical factors such as wemht and 
15 condition of the human or animal and tn: mute of administration of the compound, 
for treaimg humans or animals, about 10 mg/kg of body weight to about 20 m^/krz 
of body weight of the EM 1 protein or the apomigren protein can be administered. 
In combination therapies, e.g., the EM 1 protein of the invention in combination 
with radiotherapy, chemotherapy, or immunotherapy, it may be possible to reduce 
20 the dosace, e.g. 7 to about 0.1 mg/kg of body weight to about 0.2 nig kg 0 f body 

weigh:, Depending upon the half-life of the EM 1 in die particular animal or human, 
me EM 1 can be administered between several times per day to once a week. It is to 
be understood that the present invention has appiicatam for both human and 
veterinary use. The methods of the piesent invention contemplate sinule as well as 
25 multiple administrations, given either simultaneously cr over an extended nenod of 
time In addition, EM 1 can be administered ;n cunjuntion with other forms of 
therapy, e.g. , chemotherapy, radiotherapy, or immunotneraiwo 

The EM 1 formulations include those suitable for oral, rectal, ophthalmic 
(including mtravitrea! or mtracameral n nasal, topical (including buccal and 
30 sublinguals intrauterine, vaginal or parenteral (including subcutaneous. 
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uitivperiuuieah intramuscular, intravenous, imraderm ai . intracranial, intratracheal, 
arm epiuura. : administration. Tae EM 1 ibiTmuiauons may eonvememiv be 
presented m unit ocsage form and ma\ be prepared by conventional pharmaceutical 
techniques. Such techniques include the step of bringing into association the active 
5 :ngredicn: and the pharniaceuticai carriers s) oi excipient(s). In general, the 

formulations are prepared by uniformly and intimately bringing into association the 
active ingredient with liquid carriers or finely divided solid carriers or both, and 
then, if necessary, shaping the product 

r ormuiations suitable for parenteral administration include aaueous and non- 

10 aqueous sterile injection solutions which ma}' contain anti-oxidants, buffers. 

baetenostats anci solutes wlucn render the formulation .sotonic with the blood of the 
intended recipient: and aqueous and non-aqueous sterile suspensions which mav 
include suspending agents and thickening agents. The formulations may be 
presented in unit-uose dose or midti-dose containers, for example, sealed ampules 

] 5 and vials,, and may so stored in a free?e-dried ( h'ophilmedj condition reauirmg only 
the addition of the sterde liquid earner, for example, water for injections, 
immediately prior to use. Extemporaneous injection solutions and suspensions mav 
be prepared from sterile powaers. granules and tablets of the kind previously 
described. 

-U ^ ben a therapeutically effective amount of protein of the present invention is 

administered orally, the EM 1 protein of the present invention will be in the form of 
a tablet, capsule, powder, solution or elixir. When administered in tablet form, the 
pharmaceutical composition of the invention may additionally contain a solid carrier 
su as a gelatin cr an adjuvant. The tablet, capsule, and powder contain from about 
25 5 to 95% protein of the present invention, and preferably from about 25 to 90% 

protein of the present invention. When administered in liquid form, a liquid carrier 
such as water, petroleum, oils of animal or plant origin such as peanut oil. mineral 
oil, soybean oih or sesame oil. or synthetic oils may be added. The liquid form of 
the pharmaceutical composition may further contain physiological saline solution, 
dextrose or other saccharide solution, or glycols such as ethylene glycol, oroovlene 
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glycol or polyethylene giyco!. When administered in liquid form, the 
pharmaceutical composition contains from about 0.5 to 90% by weight of protein of 
the present invention, and preferably from about 1 to 50% protein of the present 
invention. 

5 When a therapeutically effective amount of protein of the present invention is 

administered by intravenous, cutaneous or subcutaneous injection, protein of the 
present invention will be m the form of a pyrogen-free, parenteraliy acceptable 
aqueous solution. The preparation of such parenteraliy acceptable protein solutions, 
having due regard to pH. isotonicitys stability, and the like, is within the skill in the 

10 art. A preferred pharmaceutical composition for intravenous, cutaneous, or 
subcutaneous injection should contain, in addition lo protein of the present 
invention, an isotonic vehicle such as Sodium Chiorids Injection. Pungers Iniecuom 
Dextrose Injection, Dextrose and Sodium Chloride Injection, Lactated Ringer's 
Injection, or other vehicle as known in the art. The pharmaceutical composition of 

1 5 the present invention may also contain stabilizers, preservatives, buffers, 
antioxidants, or other additives known to those of skill in the art. 

The amount of protein of the present invention in the pharmaceutical 
composition of the present invention will depend upon the nature and severity of the 
condition being treated, and on thr nature of prior treatments which the patient has 

20 undergone. Ultimately, the attending physician will decide the amount of protein of 
the present indention with which to treat each individual patient. Initially, the 
attending physician will administer low doses of protein of the present invention and 
observe the patient's response. Larger doses of protein of the present invention may- 
be administered until the optimal therapeutic effect is obtained for the patient, and at 

25 that pent the dosage is not increased further. 

The duration of intravenous therapy using the pharmaceutical composition of 
the present invention will vary, depending on the severity of the disease being 
treated and the condition and potential idiosyncratic response of each individual 
patient. It is contemplated that the duration of each application of the protein of the 

30 present invention will be in the range of 12 to 24 hours of continuous intravenous 
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administration, ultimately :h- attending physician will decide on :he amorcrariate 

duration 01 mtraven-as therapy using die mirmrmeeuncm composition of the -resent 
invention. 

Preterrec unit dosage formulations are those containing a daily dose or unit. 
5 dad\- sub-dose, or an appropriate fraction thereof, of the administered ingredient. It 
should he understood that in addition to the ingredients, particularly mentioned 
above, the formulations of the present invention may include other agents 
conventional in the art having regard to the type of lormuianon in Question. 
Optionally, cytotoxic agents ma}- be inccrpoiated or otherwise combined with EM 1 
10 proteins, or biologically functional protein fragements thereof to provide dual 
therapy to the patient. 

The therapeutic compositions are also presently valuable for vetermarv 
applications. Particularly domestic animals and thoroughbred horses, in addition to 
humans, are desired patients for such treatment with proteins of the present 
15 invention. 

Cytotoxic agents such as nam. are linked to EM L and high afimitv EM 1 
protein fragments, thereby providing a tool for destruction of cells that bind EM 1 . 
These cells may be found in man}' locations, mciuding but not limited to, 
micrometastases and primary tumors. Proteins linked to cytotoxic agents are infused 

20 in a manner designed to maximize delivery to the desired location. For example, 
ricin-lmked high affinity EM 1 fragments are delivered through a cannula into 
vessels supplying the target site or directly into the target. Such agents are also 
delivered m a controlled manner through osmotic pumps coupled to infusion 
cannuiae A combination of EM 1 antagonist:- may be co-applied wild stimulators of 

da angiogenesis to increase vascularization of tissue. This therapeutic regimen provides 
an effective means of destroying metastatic cancer. 

Additional treatment methods include administration of EM I. EM 1 
fragments, EM 1 analogs. EM 1 antisera, or EM 1 receptor age msts and antagonists 
linked to cytotoxic agents. It is to be understood that the EM 1 can be human or 

3u animal m origin. EM 1 can also be produced synthetically by chemical reaction or 
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r y recombinant techniques in conjunction with expression systems. EM 1 can also 
L-e produced by eimymatieally cleaving isolated plasminogen or plasmm to generate 
proteins having ami-angiogemc activity. EM 1 may also be produced by compound 
mat mimic me action oi endogenous enzymes that cleave plasminogen to EM 1 
5 EM 1 production may aiso be modulated by compounds that affect the activity of 
plasminogen cleaving enzymes. 

The present invemion also encompasses gene therapy whereby a 
polynucleotide encoding EM L or a mutant, fragment, or fusion ptotem thereof, is 
introduced and regulated :n a patient. Various methods of transferring or dehvenim; 
1 0 L'NA to ceils for expression of the gene product protein, otherwise referred to as 

gene therapy, are disclosed in Gene Transfer into Mammalun Somatic Cells in vivo, 
N. Yang (]<->92) CriL Rev. Biotschn. 1 2(4):335-35t\ which is hereby incorporated by 
reference, 'dene therapy encompasses incorporation of DNA sequences into somatic 
cells or germ line cells foi use m either ex vivo or in vivo therapy. Gene therapy 
1 5 functions to replace genes, augment normal or abnormal gene function, and to 
combat infectious disease.-; and other pathologies. 

strategies for treating these medical problems with gene therapy include 
therapeutic strategies such as identifying the defective gene and then adding a 
functional cene to either replace the function of the defective gene or to augment a 
20 slightly functional gene, or prophylactic strategies, such as adding a gene for the 
product protein that will treat the condition or that will make the tissue or organ 
more susceptible to a treatment regimen. As an example of a prophylactic strategy, 
a gene such as EM I may be placed in a patient and thus prevent occurrence of 
angiogenesis; or a gene that mahes tumor cells more susceptible to radiation could 
25 be msened and then radiation of the tumor would cause increased killing of the 
tumor cells. 

Many protocols for transfer of EM 1 DNA or EM 1 regulatory sequences are 
envisioned in this invention. Transfecuon of promoter sequences, other than one 
normally found specifically associated with EM 1 . or other sequences which would 
30 increase production of EM 1 protein aie also envisioned as methods of gene therapy. 
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An example oi tins teeimoi^gy is found Transkarycus Therapies. las., of 
o'ambriage. Mass.. usmg homologous recombination :o insert a : -aemst:c swash" that 
turns on aa erythropoietin eene in cehs. See lA'.sas Dvemee'vav Aa - i. Arm. 15. 
1 AA. Such -genetic switches" couic he used to act:vaie Eh-; I (or the EM I receptor , 

5 ia celis not normally expressing EM ] \ or the EM 1 receptor) . 

Gene transfer methods for gene therapy fall into three broad categories: 
physical \c a. : electroporatiom direct gene transfer and particle bombardment), 
chemical (op., iinad-based carriers, or other non-viral vectors'; and biological (e ^ 
virus-derived vector and receptor uptake.'. For example, non-viral vectors may he 
10 u>ed which include liposome:; coated with DNA. Such hposome/DNA complexes 
may be directly injected intravenously into the patient. It is believed that the 
h;x)SomeT>NA complexes are concentrated in the liver where they deliver the DNA 
to macrophages and Kupffer cells. These cells are iong lived and thus provide lona 
term expression of the deihered DNA, Additionally, vectors or the hiakesk DNA of 

5 the gene may be directly injected into the desired organ, tissue or lumsr for taraeted 
delNery of the therapeutic DNA. 

Gene therapy methodologies car: also be described by delivery site. 
Fundamental ways to deliver genes include cx vivo gene transfer, in vivo aene 
transfer, and in vitro gene transfer. In cx vivo gene transfer, celis are taken from the 

0 patient and grown in cell cmtare. The DNA is transfected imo the cells, the 

trans fected cells are expanded in number and then reimpianted in trie patient. In in 
vitro gene transfer, the transformed cells are cells growing m culture, such as tissue 
culture cells, and not particular cells from a particular patient. These ^laboratory 
cells*' are transfected, the ir^nsfeeiec*. cells are selected and expanded far either 

5 implantation into a patient or for other uses. 

In vivo gene transfer involves introducing the DNA into the cells of the 
patient when the ceils are within the patient. Methods include using viraky mediated 
gene transfer using a noninfectious virus lo deliver the gene in the natient or 
injecting naked DNA into a site in the patient and the DNA is taken up bv a 

0 percentage of ceils in which the gene product protein is expressed. Additional! v. the 
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oihc] methods described herein, such as use of a "gene gun," may be used for in vitro 
insertion of EM 1 DNAorEM 1 regulatory sequencer 

Chemical methods of gene therapy may involve a lipid based compound, not 
necessarily a liposome, to transfer the DNA across the cell membrane. Lipofectms 
5 or cytvrectms, hpid-oased positive ions that bind to negatively charged DNA. make 
a complex that can cross the cell membrane and provide the DNA into the interior of 
the cell. Another chemical method uses receptor-based endocylosis, which involves 
binding a specific hgand to a ceil surface receptor and enveloping and transporting it 
across the ceil membrane. The hgand binds to the DNA and the whole complex is 
10 transported into the cell. The Hgand gene complex is injected into the blood stream 
and then target cells that have the receptor will specifically bind the hgand and 
transport the ligand-DNA complex into tne cell. 

Many gene therapy methodologies employ viral vectors to insert genes into 
cells. For example, altered retrovirus vectors have been used in ex vivo methods to 
15 introduce genes into peripheral and tumor-mfiltrating lymphocytes, hepatoeytes. 
epidermal cells, myocytes, or other somatic cells. These altered cells are then 
introduced into the patient to provide the gene product from the inserted DNA. 

Viral vectors have also been usee to insert genes into cells using in vivo 
protocols To direct the tissue-specific expression of foreign genes, cis-aetmg 
20 regulator/ elements or promoters that are known to be tissue-specific can be used. 
Alternatively, this can be achieved using in situ delivery of DNA or viral vectors to 
specific anatomical sites in vivo. For example, gene transfer to blood vessels m vivo 
was achieved : w implanting in vitro transduced endothelial cells in chosen sites on 
arterial walls. The virus infected surrounding cells which also expressed the gene 
25 product. A viral vector can be delivered directly to the in vivo site, by a catheter for 
example, thus allowing only certain a-eas to be infected by the virus, and providing 
lonu-term. site specific gene expression. In vivo gene transfer using retrovirus 
vectors has also been demonstrated m mammary tissue and hepatic tissue by 
injection of the altered virus into blood vessels leading to the organs 
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Viral v — tors that nave been use;! fo: gene therapy protocol- include but ^re 
not limited to. retroviruses, other RNA -ureses such as poiiovirus or Sindbis virus, 
adencvirus. adens-a^sociated virus, herpes viruses. S\ : 40, vaccinia and other DNA 
viruses. Repkcation-deieotivc murine retroviral vectors are toe most widelv utilized 
5 gene transfer vectors. Murine leukemia retraviruses are comoo'<td of a single strand 
RNA compiexed with a nuclear core protein and poh unerase (ooi; enzymes, encased 
by a protein core (gag) and surrounded by a glycoprotein envelope i'env) that 
determines, ho^t range. The genomic structure of retrovirure: include the c:ag. pel, 
and cr?v genes enclosed at by die 5' and 3 ! long terminal repeats {'LTRh Retroviral 

10 vector systems exploit the tact that a minimal vector containhie the 5' and 3* LTRs 
ana the packaging, signal are sufficient to allow vector packaging, infection and 
integration, into target cells providing that the viral structural proteins are supplied m 
trans in the packaging cell line. Fundamental advantages of letrovmal vectors for 
gene transfer include efficient infection and gene expression m moa cell tvpes. 

15 precise single copy vector integration into target cell chromosomal DNA, and ease 
of manipulation of the retroviral genome. 

The adenovirus is composed of linear, double stranded DXA compiexed with 
core proteins and surrounded with capsid proteins. Advance: m molecular virology 
have led to the ability to exploit the biology of these organisms to create vectors 

20 capable of transducing navel genetic sequences into target cells in vivo. Adenoviral- 
based vectors will express gene product protemu at high levels. Adenoviral vectors 
ha\ e high efficiencies of inactivity, even with low titers of virus. Additionally. *he 
virus is fully infective as a cell free virion so injection of producer cell lines are not 
necessary. Another potential advantage to adenoviral vectors is the ability to 

25 achieve long term expression of heterologous genes in vivo. 

Mechanical methods of DNA delivery include fusogenic lipid \ esicles such 
as liposomes or other vesicles for membrane fusion, lipid particles '"if DXA 
incorporating cationic lipid such as lipofectin. poiyiysine-mediated transfer of DNA, 
direct injection of DNA. such as microiniection of DNA into germ or somatic cells, 

30 pneumatically delivered E>NA-coated particles, such as the gold particles used in a 
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"gene gun," and inorganic chemical approaches such as calcium phosphate 
transection. Panicle-mediated gene transfer methods were first used in 
transforming plant tissue. With a particle bombardment device, or :i itene gun," a 
motive force is generated to accelerate DNA-coated high density particles (such as 
5 gold or tungsten) to a hign velocity that allows penetration of the target organs, 
tissues or ceils. Particle bombardment can be used in in vitro systems, or with ex 
vivo or w vivo techniques to introduce DNA into celh, tissues or organs. Another 
method, ligand-mediated gene therapy, involves complexmg the DNA with specific 
ligands to form hgand-DNA conjugates, to direct the DNA to a specific ceil or 
10 tissue. 

It has been found that injecting plasmid DNA into muscle cells yields high 
percentage of the cells which are transfected and have sustained expression of 
marker genes. The DNA of the plasmid may or may not integrate into the genome of 
the cells. Non-integration of the transfected DNA would allow the transfection and 

1 5 expression of gene product proteins in terminally differentiated, non-proiiferative 
tissues for a prolonged period of time without fear of mutational insertions, 
deletions, or alterations in the cellular or mitochondrial genome. Long-term, but not 
necessarily permanent, transfer of therapeutic genes into specific cells may provide 
treatments for genetic diseases or for prophylactic use. The DNA could be 

20 reinjected periodically to maintain the gene product level without mutations 

occurring in the genomes of the recipient cells. Non-integration of exogenous DNAs 
may allow for the presence of several different exogenous DNA constructs within 
one ceil with all of the constructs expressing various gene products. 

Eleetroporation for gene transfer uses an electrical current to make cells or 

25 tissues susceptible to elecrroporation-mediated mediated gene transfer. A brief 

electric impulse with a given field strength is used to increase the permeability of a 
membrane m such a way that DNA molecules can penetrate into the cells. This 
technique can be used in in vitro systems, or with ex vivo or in vivo techniques to 
introduce DNA into cells., tissues or organs. 
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■o can be used to tnmsfect foreign E>NA 
mtc eehs. The carner-DNA complex can be conveniently introduced into bodv 
fluids or the bioodstieam and then site-specif caky directed to the target organ or 
tissue lr. the body. Both liposomes and polyeations. such as pohlvsme. knofectms 
5 or cyiofectins. can be used. Liposomes can be developed which are ceil specific or 
organ specific and thus the foreign DKA carried by the liposome will be taken up bv 
target cells. Injection of imirjunoliposomes thai are targeted to a specific receptor on 
certain cells can be used as a convenient method of inserting the DNA into the cells 
bearing the receptor. Another carrier system that has been used is the 
1 0 asiaioglvcoporteimpoi^dysine conjugate system for carrying DNA to hepatoevtes for 
.77 vivo gene transfer. 

The transiccted DNA may also be compiexed with other kinds of carriers so 
that the DNA is carried to the recipient cell and then resides in the cytoplasm or in 
the nucleoplasm. DNA can be coupled to carrier nuclear proteins in specifically 
Id engineered vesicle complexes and curried directly into the nucleus. 

Gene regulation of EM 1 may be accomplished by administering compounds 
that bind to tnc EM 1 gene, or control regions associated with the EM 1 gene, or its 
corresponding RNA transcript to modify the rate of transcription or translation. 
Additionally, ceiis transfected with a DNA sequence encoding EM 1 may be 
20 administered to a patient to provide an vivo source of EM 1 . For example, ceiis 
may be transfected with a vector containing a nucleic acid sequence encoding EM 1 . 
The transfected cells may be cells derived from the patient's norma: tissue, the 
patienf s diseased tissue, or may be non-patient cells. 

Pur example, tumor cells removed from a patient can be trausfected with a 
25 vector capable of expressing the EM 1 protein of the present invention, and re- 
introduced into the patient. The transfected tumor ceiis produce EM 1 levels in the 
patient that inhibit the growth of the tumor. Patients may be human or non-human 
animals Cells may also be transfected by non-vector, or physical or chemical 
methods known in the art such as el ectrop oration, i or. op or at ion. or via a "cene uuu." 
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Adciitionally, EM 1 DNA may be directly injected, without the aid of a carrier, into a 
patient. In particular, EM 1 DNA may be injected into skin, muscle or blood. 

The gene therapy protocol for transfectmg EM 1 into a patient may either be 
through integration of the EM 1 DNA. into the genome of the ceils, into 
5 mimchromcsoines or as a separate replicatmg or non-replicating DNA construct in 
the cytoplasm or nucleoplasm of the ceil. EM I expression may continue for a iong- 
oeriod of time or may be reinjected periodically to maintain a desired level of the 
EM 1 protein in the ceil, the tissue or organ or a determined biocd level. 

In addition, the invention encompasses antibodies and antisera, v/hich can be 

10 used for testing of novel anti-angiogemc proteins, and can also be used in diagnosis, 
prognosis, or treatment of diseases and conditions characterized by, or associated 
with, angiogenic activity or lack thereof Such antibodies and antisera can also be 
used tc uo-regulate angicgenesis where desired, e.g., in post-mfarct heart tissue, 
antibodies or antisera to the EM I protein can be used to biocl: localized, native anti- 

15 angiogenic proteins and processes, and increase formation of new-- blood vessels and 
inhibit atrophy of heart tissue. 

Such antibodies and antisera can be combined with pharrnaceatically- 
accentable compositions and carriers to form diagnostic, prognostic or therapeutic 
compositions. The term ''antibody" or "antibody molecule" refers to a population of 

20 immunoglobulin molecules and/or immunologically active portions of 

immunoglobulin molecules- f.u, molecules that contain an antibody combining sue 
or paratope. 

Passive antibody therany using antibodies that specifically bind EM 1 can oe 
emoioyed tc modulate angiogenic-dependent processes such as reprc auction, 
25 aeveiopmenu and wound dealing and tissue repair. In addition, antisera directed to 
the Fao regions of EM 1 antibodies can be administered to bio si: the ability of 
endogenous EM 1 antisera to bind EM 1 . 

The EM 1 of the present invention also can be used to generate antibodies 
the - are specific for the inhibitor and its receptor. The antibodies can be either 
30 Doivcicaal antibodies or monoclonal antibodies. These antibodies that speciiicaiiy 
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bind :c tne EN: 1 cr nM I receptors ;an be used in diagnostic metiiods and 

-M ; receptors m body fund or tissue. Results room these tests can re used :c 
diagnose or predict the occurrence cr recurrence of a cancer and other anmoeemc 
5 mediated diseases. 

The invention also includes use of EM 1, antibodies to EM 1, and 
compositions comprising EM 1 and or its antibodies m diagnosis or prognosis of 
diseases characterized by angiogenic activity. As used herein, the term "prognostic 
method" means a method that enables a prediction regarding the progression of a 
10 disease of a human or animal diagnosed with the disease, in icarticuiar, ai: 

angiogenesis dependent disease. The term "diagnostic method" as used herein 
means a method that enables a detemviriation of tne presence or rme of 
angicgenesis-dcpencent disease :n or on a human or ammai. 

The EM 1 caun be used in a diagnostic method and kut to detect and auantifv 
15 antibodies capable of binding EM 1. These kits would permit detection of 

circulating EM 1 antibodies which indicates one spread of micrometastaoes in the 
presence of EM 1 secreted by primary tumors in situ. Patients that have such 
circulating auti-EM 1 antibodies may be more hkeiy tc develop multioie tumors and 
cancers, and may be more hkeiy to nave recurrences of cancer after treatments or 
20 periods of remission. The Tab fragments of tnese ami-EM 1 antibodies may oe used 
as antigens to generate anti-EM 1 Fab-fragmem anusera which can be used to 
neutralize anti-EM 1 antibodies. Such a method would reduce the removal of 
circulating EM 1 by ami-EM 1 antibodies, thereby effectively elevating circulating 
EM 1 levels. 

-he present invention also mcmdes isolation of receptors soecific for EM 1. 
Protein fragments that possess high affinity binding to zzsuzs can be used to isolate 
the EM 1 receptor on affinity columns. Isolation and purification of tne EM 1 
receptor is a fundamental step towards elucidating the mechamsm of action of EM 1 
Isolation of an EM 1 receptor and identification of EM 1 agonists and ? -tagomsts 
3C will facilitate development of drugs to modulate tne activity of tne E.M 1 receutor, 
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the final pathway to biological activity. Isolation of the receptor enables the 
construction of nucleotide probes to monitor the location and synthesis of hie 
receptor, using in sin. and solution hybridization technology. Further, the gene fcr 
the EM 1 receptor can be isolated, incorporated into an expression vector and 
5 transfectea into cells, such as patient tumor cells to increase the ability of a cell type, 
tissue or tumor to bind EM I and inhibit local angiogenesis. 

EM 1 proteins are employed to develop affinity columns for isolation of the 
EM 1 receptor from culture:! tumor cells. Isolation and purification of the EM ] 
receptor is followed by ammo acid sequencing. Using this information the gene or 

] 0 genes coding for the EM 1 receptor can be identified and isolated. Next, cloned 

nucleic acid sequences are developed for insertion into vectors capaole of expressing 
the receptor. These techniques are well known to those skilled in the an. 
Tumsfeetion of the nucleic acid sequence! sj coding for EM 1 icceptor into tumor 
cells, and expression of the receptor by the transfected tumor cells enhances the 

15 -esponsiveness of these cells to endogenous or exogenous EM 1 and thereby 
decreasing the rate of metastatic growth. 

Angiogenesis-inhibitmg proteins of the present invention can be synthesized 
• i". a standard microchemical facility and purity checked with HPLC and mass 
spectiTophotcmietry. Methods of protein synthesis, HPLC purification and mass 

20 spectrophotometry are commonly known to those skilled in these arts. EM i 

proteins and EM 1 reeeptois proteins are also produced in recombinant E. cull or 
yeast expression systems, and purified with column chromatography. 

Different protein fragments of the intact EM 1 molecule can be synthesized 
for use m several applications including, but not limited :o the following; as antigens 

25 for the develcprnent of specific antisera. as agonists and antagonists active at EM i 
binding sues, as proteins to be linked to. or used in combination with, cytotoxic 
agents for targeted killing of cells that bind EM 1. The ammo acid sequences that 
comprise these proteins are selected on the basis of their position on the exterior 
regions of the molecule and are accessible for binding to antisera. The ammo and 
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earboxy. terrain: of EM 1. a.- wei". as the mia-regi?i: of thr mclecuE art represented 
separately among tire fragments to be synthesized. 

. The synthetic protein fragments cf EM ; have a variety of uses. The nrotem 
that binds :c the EM 1 receptor with high specificity and avidity is racuoiabeled and 
5 employed lor visualization and quantitation of binding sites using autoradiographic 
and membrane binding techniques. This application pro\'ides important diagnostic 
and research tools. Knowledge of the binding properties of the EM 1 receotor 
facilitates investigation of the- transduction mechanisms linked to the receptor. 

EM 1 and EM I -derived proteins can be coupled to other molecules usma 

10 standard methods. The amino and carboxyl termini of EM 1 both contain tvrosme 
an:! :ysi ia a residues and are isotopically and nonisotopiealiy labeled with manv 
techniques, for example raciiolabeiing using conventional techniques (tvrosme 
resicues-chioramine T, iodogen : lactoperoxidase: lysine residues-Bolton-Ekmter 
reagent). These coupling techniques are well known to those skilled in the art. 

1 5 Alternatively, tyrosine or lysine is added to fragments that do not have these residues 
to facilitate labeling of reactive ammo and hydroxy! groups on the prctem. The 
coupling technique is chosen on the basis of the functional groups available on the 
ammo acids including, but not limited to ammo, sulfhydrai. carboxyl, amide, phenol, 
and imidazole. Various reagents used to effect these couplings include among 

20 others, gi ataraidehyde. diazotized benzidine, carbodiimide. and p-bem:ocrumone. 

EM 1 proteins are chemically coupled to isotopes, enzymes, carrier proteins, 
cytotoxic agents, fluorescent molecule?, chemiiummescent. bioiummescent and 
other compounds for a variety of applications. The efficiency of the coupling 
reaction is determined uuiig dilferent techniques appropriate for the specific 

25 reaction. For example, raciiolabeiing of an EM 1 protein with 12: I is accomplished 
using chloramine T and N?MT of high specific activity. The reaction is terminated 
with sodium mctabisulfite and the mixture is desalted on disposable columns. The 
labeled protein is eiuted iron: the column and fractions are collected. Ahquots are 
removed from each fraction and radioactivity measured in a gamma counter. In thi> 

30 manner, the unrcacted Na'M is separated mom the labeled EM 1 protein. The 
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protein fractions with the highest specific radioactivity are stored for subsequent use 
such as analysis of the ability to bind to EM 1 antisera 

Jn addition., labeling EM 1 proteins with short lived isotopes enables 
visualization of receptor binding sites in vivo using positron emission tomography or 
5 other modern radiographic techniques to locate tumors with EM 1 binding sites. 

Systematic substitution of amino acids within these synthesized proteins 
yields high affinity protein agonists and antagonists to the EM 1 receptor that 
enhance or dimmish EM 1 binding to its receptor. Such agonists are used to 
suppress the growth of micrometastases, thereby limiting the spread of cancer. 

10 Antagonists to EM I are applied m situations of inadequate vascularization, to block 
the inhibitory effects of EM 1 and promote angiogenesis. For example, this 
treatment may have therapeutic effects to promote wound healing in diabetics. 

The EM 1 protein of the present invention can also be used as a nutritional 
source oi supplement. Such uses include without limitation use as a protein or ammo 

1 5 acid supplement, use as a carbon source, use as a mtrogen source and use as a source 
of carbohydrate. In such cases, the EM ; protein of the invention can be added to the 
:ood of a particular organism, or can be administered as a separate solid or liquid 
preparation, such as in the form of powder, pills, solutions, suspensions or capsules. 
In the case of microorganisms, the protein or polynucleotide of the invention can be 

20 added r .o the medium in or on which the microorganism is cultured, 

The invention is further illustrated by the following examples, which are not 
meant to be construed in any way as imposing limitations upon the scope thereof. 
On the contrary, it is to be clearly understood that resort may oe had to various other 
embodiments, modifications, and equivalents thereof, which, after reading the 

25 description herein, may suggest themselves to those skilled in the art without 

departing from the spirit of the present invention and/or the scope of the appended 
claims. 



WO 99 29855 



PCT/US98/26057 



ExamN e 1: Ceils and CeO iin-s 

Ced li::e "So-0 lATCC No. CREA932 h a renal clear cell earcinama Ime; 
C-PAE ATCC No. CCE-2C9'.. a bovine pulmonary arterial endothelial crii line an:; 
5 ECY594 . ATCC No. CRE- 1 995" ). a m.man endothelial cell Ime were ah obtained 
from ATCC (American Type Culture Collection, 10S01 University Boulevard. 
Manassas. Virginia, 201 1 ('-2209. USA ). The cell lines were maintained in either 
DMEM (7S6-0 and C-PAK) or Ml 99 (ECV304E supplemented with 1 OCo fetal oalf 
serum. 1 00 U mi of penicillin. 100 ug ml of streptomycin and 2 mM E-udutamine. 

i 0 The cDNA clone for mome endoslaiir. pBACPak 8 was kindly provided bv B. R. 
Oisen. Department of Cellular Biolog\ . Harvard Medical School. Boston. The 
prokaryotic expression vector pETlTb wes purchased from Novagen (A Edison. 
W;-comm. USA). The yeast expression svsteirp Pickiu pectoris (pPICEoiA) was 
purchased :i )m InYitroaeii (San Diego. California, USA). Restriction enzymes and 

1 5 Vent DMA polymerase were purchased Rom New England Biolabs (Beverly, 
Massachusetts. USA 0 

Ex smpl e 2 M Dom nu and expre ssion oi m ouse endostatm and mutants ino a 
rrm:aryoti: ,'-_y_ mum 

i iic cone encoding mouse endc statin was amplified Rom the pBACPak S 

20 plasmkl and expressed initially m the pET expression system. The sequence 

encoding the carboxy terminal portion of mouse collagen XVIII was amplified by 
amplification using Yen: DNA polymerase, with the endostatm pBACPak 8 vector 
as a template. The primers used were 5 -GG C ATA T CC ATA CTC Ad C AGO 
ACT TT-3' ( SEQ ID NOT; and 5'-AA C TCG AG A TIT GGA GAA AC- A GGT-3'. 

2c Amplification was carried out for 30 cycles with the following parameters. .>4 ' C for 
de natural i em 60 C C for annealing, and 72°C for extension, each for 1 minute. The 
amplified DNA fragment (555 bp) was purified using a QlAquick purification kit, 
digested with ATCI and A7?oI (these restriction sites are underlined :n the primers 
above s and llaatea into the expression vector pETlTbhis (Dhanaba; cr A. r 1 995'= .7 
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Immunol Methods. 182:105-175). Initial transformation was carried oiu with the 
host strain HMS174 (Uovagen, Madison, Wisconsin, USA). Positive clones were 
secuenccd on both strand-.. The desired clones were finally transformed into 
BU2UDE5,; (Novagem Madison. Wisconsin. USA) for exp-esiion. The expression 
5 of recombinant protein in the pET system was carried out as recommended by the 
manufacturer (Ncwagem Madison. Wisconsin, USA). 

A Ki-NTA agarose column was used to purify the lecombinant protein. 
Protein present in inclusion bodies wan soiubili;:ed in 8 M urea and purified under 
denaturing conditions as described by O'Reilly ei cl (19 c >7) \C.cU 88:277-2^5). The 

10 results are shown m fig. 1 , which is a graph showing the absorbance at 280 nm of 
the eluted fracuons (Co). Also plotted :s the pH of the elation buffer (•). Fig. 1 
shows a small peak around fractions 7 -H. a sharp peak around fractions 21-22. and 
another 5 mall peal: around traction 3d, 

SE'S-PAGE, analysis of 10-m! samples of selected fracuons showed a 

15 discrete band at 22-2-1 pDa under non-reducing conditions Results are shown in Fig. 
2, which shows a 22-24 kDa band for fractions 7 and S (ianes 3 and 4, respectively), 
and also for fractions 21 and 22 danes 5 and 6, respectively) In addition, higher 
molecular weight complexes of -6 and 69 kDa v. ere also observed, which upon 
reduction with DTT resulted in a discrete band a; 22-24 kDa (lane 7 of Fig. 2). The 

20 peaks at different pH elutions (pH 4.2 and 3.0) were pooled and dialyzed against 
decreasing concentrations of urea, and final dialysis was performed in PBS buffer 
(pH 7.4) : at which tane most of the proteins precipitated out of solution Since 
non-re;c!ded precipitated protein expressed from a similar system had shown 
biological activity v/vc\ the exact procedure for "protein refolding" was done as 

25 described by O'Reilly at al. <19 c ~) (< A.7 88:277-285 r The precipitated protein was 
used in suspension form for in vivo experiments only, with the concentration of 
protein measured by RCA assay (Pierce Chemical Co.. Rockford. Illinois. USA) 
(sclubdized in urea with a suitable blank) ana stored at -70°C in small aliquots. 
Since mouse and human endostatin are conserved a: the C -terminus, two small 

30 deletions were made. Primers were designed such that either 9 or 1 7 amino acids 
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were deleted iron; tite G-;er:m:vus of enciastatm. resulting ::: two mwuams. detonate, 
-m 1 ami EN' I. rcrpemvely. dor EM ] . ad 4 of the cysteine residues were let: 
imacu Far EM 2. the n.on C-renmria: cysteine was also deleted. The vmw-eam 
primer for die EM 1 mwam was f-TTC CAT ATG CAT ACT CAT CAG GaC 
5 TTT CAG GCA-3' -SEQ ED NO:?:-, ana the downstream prime: was f-TTA GCG 
GCC GCC TAG TCA ATG CAG AGG ACG ATG TAG 1 (SEQ ID NG:8i. The 
upstream primer for the EM 2 mutant was 5-TTC CAT ATG CAT ACT CAT C AG 
GAC TTT CAG CCA-' (SEQ ID NGnw and die downoream primer was 5'-TTA 
GCG GCC GCC TAG TTG TGG CaG CTC GGA OCT TTC TG-.V i SEQ ID 
10 DOdO). 

Toe a m pi i fled DNA Tagments (528 bp ior EM 1 . 504 bp ior EM 2) were 
yurmec. digested with Of/si and Noil, and bgated m;o a preumesteci pET28(a 
expression vector. The rest el die protocol was carried cut as described above. 
Induction condiiiom; and processing of the bacterial pellet were as described by 

15 O'Fteilly a M. { ! 997) (CeH 88 277-285). The purification of recombinant protein 
was pericrmed using a 1 d-NTA column in the presence of 8 M urea as described in 
the QlAexpressionisi manual < Qiagem Hilden. Germany). Briefly, the bacterial 
pellet was solubihzed m equilibration buffer (8 M urea. 10 mM Tns and 100 niM 
sod mm phosphate buffer, oH 8.0) for one hour at room temperature. The suspension 

2U was sonicated 3-4 times, centnfuged ai lOsOOOx g and the soluble Traction was 

loaded on a Ni-NTA column pre-equdibrated with the above buffer at a flow rate of 
10-20 mi per hoar. The column was washed extensive!}' with equilibration buffer. 
Bound proteins were elated by lowerina the pH of the buffer from 8.0 to 6 3, then to 
4 2, ami hna.i> to 3 0. dor the :n vivo experiments utilizing endostatm mutants. 

2o non-specific proteins binding to the column were removed by an equilibration buffer 
wasra followed by .10 m.M and 25 mM imidazole washes. Bound proteins were 
emted m equilibration buffer containina C.2 M acenc acid. The purified Auctions 
were analyzed by SDST'AGE and the : motions containing purified endostatm (dH 
4 2 and d.u ior wild type endostatm ana equilibration buffer oontainina 0.2 M acetic 

30 ao:d for encostaim mutants ) were poolea and refolded slowly. The final diaivsis was 
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earned out against PBS (pH 7.4) at 4 C C. During dialysis the protein precipitated out 
of solution. It was further concentrated and stoned at -70 C C in smal! ahquots. The 
cencentratmn of protein was determined by ihe BCA assay (Pierce Chemical Co . 
Pockford, Illinois. USA). 

5 Example ?■ Expression of mouse endostatin in Pichia nastoris 

pichia pasloris, a methanotropic yeast strain, has many advantages oi a 
lnQher euharvodc expression system- (a) the piesenee of alpha factor signal 
seauence laahtates secretion of the expressed protein into the medium, (b) the yeast 
strain ( GS i 1 5 ■ secretes only very low levels of endogenous host protein which 

1 0 further smmluies the purification process, (e > endotoxin contamination is not an 
issue, ami -d) glycosyiation can occui . The pPICZaA vector was selected for 
expression of mannrnalian endostatin and its mutants and fragments, because this 
svstem produces aiin-angiogenie proteins :n high titer, and with excellent biological 
activity, as is described in detail in U.S.S.N. XX/XXX.XXX, "Methods of Producing 

15 AnmAngiogenic Proteins." by Vikas P. Sukhatme, filed December 8, 1993, the 
entire tea-.hiims of which are incorporated herein by reference. When this 
expression svstem was used, mammalian endostatin was found to be expressed as a 
soluble Txv.tein ( 20 kDa) with a peak level oi' expression noted on the :;e:ond day 
after induction. 

20 The seauence encoding mouse enaostaun was further modified by 

amplification using Vent DNA polymerase on a template of pET17bhis construct, 
which contained the mouse endostatin described above. The upstream primer used 
was S'-GGG AAT TCC ATA CTC ATC AGG ACT TT-3 1 «'SEQ ID NO: 11), and the 
downstream primer was f-AAG COG CCG CCT ATT TGG AGA A AG AGG T-3 ; 

25 (SEQ ID NO: 12"). The amplified fragment containing EcolU and Noil lestriction 
sites was subcloned into a predigested yeast expression vector. The pP!CZaA 
vector carries an alpha factor secretion signal sequence with a Zeocm marker for 
antibiotic selection. Initial transformation was done m the Top 10' hosi strain 
TnVitrogen, San Diego : California, USA) The resultant clones were screened for 
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Ow presence of an insert arc positive clones were sequenced. The plasirud was then 
imearizea with eurl and used for hcmologvtis recombination into rhe yeast host 
strain GS 115 unYitregem San Diego. California, USA-. The transtormation was 
carried ou: by me lithium chloride method as desenoed in the Pichia expression 
5 manual. Recombinants were selected by plating on YPD plate? eomammu 

1 00 mng'mi of Zeocm. Clones which grew on YPD.Zeoein plate v. ere tested for 
expression. 

Initial screening was used to identify yeas: clones with iuoh levels of 
expression. 1 he expression of mouse endouatm m large scale was carried out in 2- 

10 luer battled shaker flasks. The overnight culture ( A 6( :; . 2-6' was used to inoculate 2- 
iiier flasks. w;tn addition of 500 ml of buffered glycerol medium. Cells were mown 
at 250 rpm at ?0 C C until A 6(>0 . i 6-20 ;'2 da\ sV Subsequently, ceils were cemrtfuged 
at 5000 rpm for 10 minutes, and the yeast resuspended in 300-400 mi of buffered 
methanol induction medium. The supernatant containing the secreted recombinant 

15 protein w a s i i a r \ ' e s tec, o ri th e second. ; h i r d . and f o u r t h ci a y a ft e r ; n d u c t i o n . A ft e r th e 
final narvest, the cell tree supernatant was processed immediately. 

Example P urification of mo u se endostatm vis henarir-acaro s e chromatography 

A heparin-agarose column was used tor purification, based on data of 
O'Rehiy. ci al (1997) (Cell 88:277-285;. The crude supernatant containing 

20 recombinant protein was concentrated by ammonium sulfate precipitation f70%). 
The precipitated protein was dissolved in 10 mM Tris buffer pH A4 containing 150 
mM AaCl and diaiyzed overnight at 4~C with three changes at 0-8 hour intervals. 
The diaiynea sain pie was further concentrated by ultiu-t titration using an Ami con 
concentrator (YM10). A disposable polyprep column (BioFlad. Hercules. California, 

25 USAi was packed with heparin-agarose resin and equilibrated with 10 mM Tris. 

150 mM NaCl, pri 7.4. The concentrated sample was loaded on tne column at a flow 
rate of 20 ml/hour using a peristaltic pump. The column was washed with 
equilibration buffer until the A : — was greater then '0001 . Bound proteins were 
elated : 2-ml fractions by a step-wise gradient of AaCi at OA M. OA Ivl. 1 M and 2 
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M NaCl). The peak rVa:iions from 0,5 M to 1 M were pooled ami diaiyzed against 
PBS, pi 1 7.4. Protein concentration was measured by the BCA assa" (Pierce 
Chemical Co.. Rockford, Illinois. USA >. The purification process was performed at 
4~C ;n a coid room Recombinant s;>!ub.e endostaun expressed from the Pichia 
5 system was tired in a]] tne in vuro assays. 

Figs. 3 and 4 show the elation profile and SDS-PAGE analysis, respectively, 
of the purified protein. Fig. 3 shows the fraction number tx-axis). plotted against the 
absorbance at 2*0 :im (O) (left y-axis: and against concentration of NaCl (•) (right 
-axis) used tc- tiute the fraction. Two distinct peaks were obtained with increasing 
1 0 concentration of Nad. The first peak at 0.3 M NaCl was small when compared to 
the mator peak at 0/5 M NaCl. Most of the endostatm protein bound to the column 
as shown by the lack of the pretem in the flow-through fraction (Fig. 4, : ane 4). The 
recombinant protein bound tightly and washing with the low salt Tris buffer 
removed other yeast derived proteins. Protein eiuted from the 0.3 M NaCl fraction 
1 5 had a trace amount of en dostatm but was contaminated with other host derived hi eh 
molecular weigh: protein. The purified protein migrated at 20 kDa which upon 
reduction migrated at 22 kDa. The protein fractions eiuted at 0.6 M and ! M NaCl 
were pooled, concentrated and diaiyzeci against PBS (pi I T4>. The purified protein 
was further separated by FPLC using a Saperose 12 (Pharmacia Biotech, Inc., 
20 Piscataway, New Jersey, USA) sme separation column. Tne elutier. profile from this 
column showed a single peak. Aiiquots of 10 ml from selected factions were 
analyzed on a 12% SDS-PAGE gel, and the results are shown in Fig. 4. SDS-PAGE 
analysis showed the presence of single discrete band of 22-24 kDa corresponding to 
endostatin. The level of expression war, estimated to be in the range of 1 :-20 mg per 
25 liter of culture. 

To rurther characterize the recombinant protein, N-termmal micrcsequencme 
was carried out f or seven cycles. It showed that tae yeast alpha factor signal peptide 
was processed and cleaved at alanine. The first seven residues (EFHTHQD) of the 
purified protein after signal peptide cleavage matched exactly the published 
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'- quenct " —° r"o:e:::. with the first two res-dues «Er- Jerived front miker 
sequence. 



h xanmie 5: (Toning and eimressir^ ■ ■■]■, ^ ic^tatm int o the Pichla 
system 

1 nc =odmg region oi' the mouse endostatin construct in the oET : 7bhis 
expression vector is preceded by a His.Tag of 2 0 histidine residues. The coding 
region, including the His.Tag sequence, was shuttled into pPiCZaA vector via 
amplification with EcoRl and AoT sues. Linearization and recombination into the 
} east host strain GSJ 15 weie done as described above. The cell-free medium was 
1 0 precipitated with 70% ammonium sulfate. Precipitated proteins were dissolved in 50 
mM sodium phosphate buffer (pH S.0) containing 300 mM NaCi and cialyzed in the 
same buffer at 4 : C with three changes at 6-S hour intervals. A Ni-NTA column was 
used for purification of the His.enclostatin recombinant protein, as described m the 
OhAexpressiomst manual CQiagen, Hilden, Germany). Bound proteins were eluted 
5 with a step-wise gradient of imidazole (10 mM. 25 mM, 50 mM. and 100 mM). The 
peak fractions from 50 mM and 100 mM imidazole elutions were pooled and 
dirdyzed against PBS buffer. pH 7.4. 

The results are shown in Figs. 5 and 6. Fig. 5 shows the fraction number <x- 
axis), plotted against the absorbance at 280 nrn (O) (lelt y-axis) anc. against 
0 concentration of imidazole (•) fright y-axis) used to elute the fraction. Several 
absorbance peachs were observed, the first being the largest, foiiowed bv three 
smaller peaks. The elution profile of His. endostatin from the Xi-NTA column 
showed that the recombinant protein bound lighth The yeast-derived host proteins 
ni the culture supernatant did not bind to the column and were removed during the 
wash. Bound proteins were eluted by a stepwise gradient of imidazole. The 
non-specifieaily bound host derived proteins eluted with the addition of 10 ir.M 
imdiazole (Fig. 5). At 25 mM imidazole, a small fraction of the recombinant protein 
was eluted along with proteins of higher molecular weight. Final eiution with '0 
mM and 1 00 mM imidazole showed a distinct peal.. SDS-PAGE analysis is shown 
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in Fig. 6. The ilow-thrcugh fraction (lane 3 J did not contain any endostatin, 
indicating that most of the protein bound to the column. Increasing the 
concentration of imidazole to 10 nM and 25 n:M resulted in the elution of 
non-specific protein. Purified recombinant His. endostatin migrated ai a single band 
5 conesponding to 22-24 kDa in 50 mM imidazole. A protein with a molecular 
weiaht of 22 kDa was seen at 100 mM along with a smaller amount of protein 
corresponding to 44-46 kDa. The concentration of punned protein was determined 
b\ r the DC A method. The level of expression was estimated at 15 mg per liter of 
cu.ture. 

1 0 T rample 6: Characterization of recombinant y e ast endostatin an d polyclonal 
ar.obody verier avion ar.c Western blot analysis 

Polyclonal antiserum to mouse recombinant endostatin produced in yeast 
wc-is raised by immunizing a rabbit with 10 |ug of purified protein derived from the 
f';chic: expression system. Recombinant endostatin expressed from bacteria and 

1 5 "cast system were separated on a 12% SDS-PAGE gei. The proteins were 

transferred to PVDF membrane by semi-dry transfer (Trans-blot, BioRad. Hercules, 
California, USA). The primary antiserum was diluted to 1 :4000 in b; TBS buffer 
contanung 5% non-fat dry milk. Goat anti-rabbit IgG.'HRP conjugate was used as a 
secondary antibody ( : 5300). Immunoreactivity was detected by 

20 chcmiluminescence (Pierce Chemical Co., Rockford, Illinois, USA). 

The punned endostatin expressed from the bacteria: and yeast expression 
systemr were run under reducing and non-reducing conditions. Fig. 7 shows 
irnmunoreacti ye banc; corresponding to endostatin. The size of the protein 
estimated from the western blot ranges from 22-24 kDa. Ir. addition, the 

25 recDmbinan: His. endostatin from yeast and bacteria was probed with a Penta 

His. monoclonal antibody (Qiagem Hiidem Germany). The monoclonal antibody 
showed positive response only with the His. endostatin whereas native endostatin did 
not show any immunoreactivity. This data confirmed the presence of the His. Tag in 
the recombinant protein. The antiserum did not show any cross reactivity to human 
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or mouse angiostaun. demonstrating some decree of unmtnoreaavuv succinic to 
endostatm. immunoreactivuy of ihe polyclonal antibody was ais:- observed with 
EM i and EM 2 proteins. 

Example ~: Endothelial pr oliferation assay 
5 The auu-prohferative effect of endostatm produced in the yeast system was 

tested using bovine pulmonary artery endothelial cells (C-PAE). Initial experiments 
were done with different endothelial cell types and various parameters (time of 
"starvation." serum concentration, concentration and type of mitogemc stimulus 
'or , YEGF vs. bFGFj). C-PAE cells gave the most reproducible response. 

10 C-PAE cells were plated in 2--well plates coated with flbronectiu GO ugmrlj 

at 12,500 cells per well in 0.5 ml DMEM containing 2% FBS. After a 24-hour 
incubation at 3 7 ' C . the medium was replaced with fresh DMEM and 2% FBS 
containing 3 ng/mi of bFGF (R & D systems. Minneapolis, Minnesota, USA) with or 
without recombinant mouse endostatm. The cells were pulsed with 1 uCi of 

15 AG -thymidine for 24 hours. Medium was aspirated, cells were washed three times 
with PBS. and then solubihzed by addition of 1.5 N NaOH (100 ul per well) and 
incubated at 37 : 'C for 30 minutes. Cell-associated radioactivity was determined 
with a liquid scintillation counter. The experiment was lepeated 5 times under 
identical conditions, with similar results each time. 

20 A dose dependent inhibition of bFGF induced proliferation was observed. 

The results are shown, in Fig. 8. which is a graph showing concentration of yeast- 
derived soluble endostatm (Oi and yeast-derived soluble His.endostatin (•) along 
the x-axis. and incorporation of H-thymidme on the y-axis. in general, 
incorporation decreased steadily with increasing concentration of endostatin. The 

25 inhibition range (50-94% of control") was seen with increasing concentrations of 
endostatm (0.1 ugmi to 10 Lig ; mb. with an ED; 0 value in the range of 600-700 
ng/'nrl. A similar inhibitory effect on C-PAE ceils was seen when His. endostatm 
from yeast was tested m the above assay, as is shown in ire 2™ph bn Pig- ^- 
Incorporation of "H-thymidme dropped steadily vdth increasing concentration of 
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either yeast-derived soluble endosiaiin f'w ) and yeast-derived soluble Hus.eiidostatm 
(•)■ 

The recombinant protein did net inhibit the proliferation of the renal cell 
carcinoma cells (786-0 and A43?j at concentrations ranging from 0.5 us/mi to 
5 1 0 Lig/ml. as shown in Fig. 9. Fig. 9 is a bar chart, showing the incorporation of 
"H-ihymidine in 7S6-0 cells (open bars), and A498 cells (shaded bars"). The 
recombinant endostaiin also did not have an effect on IMR90 and NIH3T3 
fibroblasts. 

Exampl e 8: Endothelial ced miration ass av 

10 Since C-PAK cells do not migrate in response to bFGF and VEGIh ECV304 

cells were used wnh difrereut concentrations of endostaadn usima bFGF as a stimulus. 
To determine the ability of recombinant endostaiin to block migration of ECV304 
cells towards bFGF, a migration assay was performed using 12-well Boyden 
chemotaxis chamber (Neuro-Probe, Inc., Cabin John, Maryland, USA) with a 

15 polycarbonate membrane (15 x 80 mm PVD free, 8 u pores. Poretics Corp., 

Fivarmore, California. USA) The non-specific binding of growth factor to the 
chambers was prevented by coating the chambers with a solution containing 0.5% 
gelatin, 1 mM CaCF and 1 50 mM NaCl ai 37°C overnight. ECY304 cells were 
grown in 10% FBS containing 5 ng/nu Dil ( A F-dioctadecyL3, 3, 3d 

20 O'-tetramethylindocarbocyaiune perchlorate DilCI o. Molecular Probe? , Eugene, 
(Oregon, USA) overnight and washed with PBS containing ('.5% BSA. Following 
trypsmizatiom. the ceils were counted using Coulter-Counter ZL (Luton. U.K.) and 
diluied to 300,000 cells/mi in Medium 19 c > (Life Technologies, Gibco/BRL, 
Gafhersburg, Maryland, USA) containing 0.5% FBS. The lower chamber was filled 

25 '." : ti] Medium 1 containing 25 ng/ml bFGF. The upper chamber was seeded with 
15,000 cells/well with different concentrations of recombinant eiidostatm. Ceils 
were allowed to migrate for 4 hours at 27 c C. At that time, the ceils on the upper 
surface of the membrane were removed with a cell scraper and the (migrated) cells 
on the lower surface were fixed in 3% formaldehyde and washed in PBS. Imaces of 
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v.e :: • memorane were o/tamed usmg fluore seeuer microscopy a: 550 n.M wim a 
a:,::-: camera arc the number of cells or, each membra:- was determined using the 
OPTIMAS aversion 6.0". software ; Media Cybernetics, L.P.. Silver Sonne. MB. 
USA".. 

5 Addition ox endestatm resulted in a dose-dependent inhibition of migration, 

as shown in Figs. 1CA and JOB. and Fig. I 1. Figs. 1 OA and 10B are 
photomicrographs showing inhibition of endothelial ceil (ECY304) migration by 
soluble mouse endostatin using bFGF i25 ng mi) as a stimulus. Fin. 1 OA shows 
migrated enooiheiiai celt? in the control % bFGF. no endostatin;. and Fie. 1013 
10 show- migrated endothelial ceils treated with endostatin (20 ug/ml) with bFGF 

fig. ] 1 ;s a bar chart showing inhibition of endothelial cell migration with 
different concentrations of endostatin. Relative cell migration is shown on the v- 
axis, and treatment i control, 25 ng/.mi bFGF, and endostatin at 20, 10. 5. 2.5. and i 
ugTirii on the x-axis. Each treatment was done in duplicate, in each well, the 
i 5 number of ceils migrated was counted in three different areas and the average 
obtained. Each value is a mean from representative experiments and error bars 
represent standard deviations. At a concentration less than 1 ug 'ml, marginal 
inhibition of migration was noted, whereas at 10 ug/ml, 60% inhibition of 
endothelial cell migration wan observed. These studies are the first to show 
20 encostatin's effect on cell migration. Endostatm's action on migration of two 

non-endothehai cell lines was also assessed. AY, effect was seen on inner mecuiary 
collecting duct renal cells .'l.MCD), and some effect (15% at .5 ug/ml and 50% at 20 
ug/ml) was noted in the IC-21 macrophage precursor eel! line, suggesting that at 
high concentration, endostatin may block cell migration, in some cell tyoes. 

- ^ Example 9: Chori oallantoic membrane -CAM ) assay 

The ability of mouse endostatin :o block bFGF induced angiogenesis in vivo 
was tested using the chorioallantoic membrane (CAM) assay. Fertilized white 
Leghorn chicken eggs fSPAFAS. Inc.. Norwich Connecticut. USA) were crx-ncd on 
100 mm 2 petri dishes and allowed to grow until day 11 i to a humidified incubator at 
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38 °C. Pellets containing vitrogen (Coiiagcn Biomatenals. Paio Aito, California, 
USA) a; a concentration of 0.73 mg/ml were supplemented with either: vehicle 
alone; VEGF (250 ng pellet), VEGF 0250 ng/pellet; and enciostatin ;'20 to 
0.5 ug/peiiet). bFGF o0 ng/pellet j, or bFGF (50 ng/pellet) and endostatin (20 to 
5 0.5 umg/pelief). The pellets were allowed to polymerize at 37°C for 2 hours. The 
pellets were placed on a nylon mesh and oriented on the periphery of the CAM. 
Embryos were returned to the incubator for 24 hours. Invasion of new- capillaries on 
the collagen mesh was assessed by injection of FITC-dextran into the circulation of 
the chicken embryo. At the end of the experiment, the meshes were dissected and 
10 evaluation of vascular density was done using the program KIH Irnaae vl.59 
according to the method of Irueia-Arispe ct al. ( ; 997) (Thromh. Haemosi. 
"8:o72-67"V. Assays were performed m triplicate and four independent experiments 
were conducted. 

Endostatin was able to suppress the angiogenic response mediated by both 
15 bFGF and VEGF, as shown in Figs 12 and 13. Fig. 12 is a set of three 

photomicrographs showing the vascular density for vehicle alone (Fig. 12A), VEGF 
alone (250 ng/oeliet. Fig. I2B), and VEGF and endostatin (Fig. 1 2C n Figs. 13A and 
13B show that the inhibition was dose-dependent. Fig. 13A is a bar chart showing 
concentration of recombinant protein (x-axis), plotted against angiogenic inhibition 
20 in response to VEGF (y-axis). Fig. 13B is a bar chart showing concentration of 
recombinant protein (>:-axis). plotted against angiogenic inhibition in response to 
bFGF { Y-axis). All of the counts were normalized to the negative control. Both 
charts show-' a steady increase of inhibition of angiogenesis m response to increasing 
concentrations of endostatin. Blocking of the VEGF response was somewhat more 
25 effective (4 7%) than suppression of the bFGF response (39%), both at 20 ua/mesh. 

Example 10 Neut rali zation ^f endostatin s inhibitory eOfec: 

The specincity or en go statin s inmbitorv e fleet was demonstrated bv 
neutralization studies using endothelial proliferation and CAM assays. In the 
endothelial proliferation assay, the endostatin was prs-incubated with an excess of 
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poiyclouai antiserum or purified antmod} TgCb for 1 hour a: room temp —tare ami 
lh2!1 adde ~ to :he C " PAE «IIs in ±e presence of 3 mi bFGF. Pre-imrmine serum 
was used a? negative control. In addition, purified IgG and endostatin antibody 
alone were also used a? a comroi. DMA synthesis was measured bv adainf 1 
5 - uC iWe11 '"M-thymjaine for 24 hours and '.he cell-associated radioactivity was 

measured as described above. For the CAM assay, endostatin (10 ug, and antiserum 
.50 ug) were pre-incubated overnight end-over-end at 4 ! C prior to preparation of the 
pellets. Controls for these experiments included IgG alone and pre-immune serum 
aione. Evaluation of the angiogenic responses in the two assays were determined as 
10 indicated above. 

Fig. 14 is a bar chart showing neutralization of the inhibitors' effect of mouse 

er.dostalin by polyclonal antiserum in the endothelial proliferation assaw 
Incorporaticn of 'TI-thymidme is shown on the y-a:cis, and treatment (control. 10 ul- 
endostatin. !0 ug endostatin + antiserum. 5 ug endostatin, 5 ug endostatin - 

5 antiserum, pre-immune serum, endostatin antiserum, and endoataiin IgG) on the >:- 
uxisf Each value is a mean from triplicate culture and error bars represent standard 
deviation. Fig. 15 ;s a pair of photomicrographs showing the results of the CAM 
assay. Fig. 15, A shows the effect of YEGF ami endostatin (10 ug), and Fig. 15B 
shows the effect of VEGF. endostatin (10 ug), and polyclonal antiserum, (50 ug). 

0 Both Fig. 14 and Fig. 1 5 demonstrate that the inhibitory effect of endostatin can be 
suppressed by incubation with specific antiserum. Arm-endostatiii antiserum 
blocked the suppressive effect by 95%. The pre-immune serum and endostatin 
antibody aione did not have a stimulator}' effect, nor did normal rabbit izG. 



Example 1 



1 : Inhibition o f nrimarv ,-86-Q RCC mmo-; j P nu de mouse mode! 



Male nude mice of 6-8 weeks of age were injected subcutaneous:)' in the 
right flank with 2 million 786-0 cells in a 100 ml volume Tumors appeared 
approximate.!}' two weeks after implantation. Tumor size was measured usinc 
calipers and tumor volume was ovulated using the standard formula of. 

tumor volume = air x 0.52 
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where a - length of The tumor, and b = width of the tumor ("O'Reilly el al. (1 994) 
Cell 79:3 1 5-328). The tumor volume ranged from 350 nim J to 400 ninr\ The 
animal: were randomized and each group had five mice with comparable tumor size 
within and among the groups. Treatment was started with recombinant endostatin 
5 Abacterial cr yeast versions) with each mouse receiving 10 mg'kg body weight of 
recombinant protein daily, administered for a period often days via intraperitoneal 
urection. Control animals received PBS each day. Tumor size in all groups was 
measured en alternate days and tumor volume was calculated. The treatment was 
terminated on cay 10 and animals were sacrificed and tumors from each mouse 
10 removed and fixed in 10% buffered formalin. 

The results are shown in Figs. 16, 17 and IS. Fig. 16 is a graph showing the 
inhibition of 786-0 tumor growth by systemic treatment with recombinant 
endostatin. Time :n days after treatment is shown on the x-axis and rumor volume in 
mm 3 is shown on the y-axh. Intraperitoneal injection of endostatin was given at 10 
1 5 mg/kg/day. starting on day 1 (arrow). Each time point represents the average of five 
mice in each group and the error bar represents S.E.M. Treatments are control PBS 
((If), endostatin from yeast t •). His endostatin from yeast (x) and His. endostatin 
from bacteria (22). On the fifth day after treatment there was a difference between 
control ( 963 mnrh and treated tumors. Yeast endostatm-treated tumors were 405 
20 mnv. becteriaFy-produced endostatm-treated tumors were 442 mnr\ and 
Flis.endosiatin-treated tumors were 462 mm . 

Figs. HA through 1 7E are a set of five photographs of 786-0 tumors treated 
with recombinant endostatin Figs. 17A and 17B are control tumors. Fig. 17 C shows 
a tumor treated with yeast-derived endostatin. Fig. 17D show; the effect of 
25 fhs.en ibstntin from bacteria, and Fig. 17E shows a tumor treated with 

Ides. endostatin from yeast. At the end of the treatment period, tumors from control 
and treated groups were examined grossly under a dissecting microscope. Tumors 
from the contr 'A group were in general larger and more highly vascularized. A 2.0- 
fold decrease in tumor volume was observed on the fifth day after treatment between 
30 control and treated tumors (Figs. 1 6 and 17). The growth of the tumor was 
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suppressed in al the treatment :roi;:?:. a::;: . slower crewf : m- vcas 3een compared 
to the control greup. B^ctermE rHis.Tag! or yeast-derived .with or without His Tag' 
endostatin at :. dose of 10 ugltg ail worked equally wed. On The tenth day after 
treatment, the tumor volume in the control ammals was 1490 mmf whereas in the 
5 treated group it was in die range of 480-570 mnr (p value < 0.005 i. Endostatin 
administration did not inhibit tumor growth completely; the growth of the tumors 
slowed, with a marginal increase m volume daring the treatment period. 

Example 11 Two closelv rela ted C-termmus endostat in mutants oenerate d in - r% 

sE :-w markedly differing in vivo activity in R CC 

1 0 'I he RCC' Tummr model described above was used in a second set of 

experiments wit i endostatin and mutants EM 1 and EM 2, produced in the 
prokaryotic s\ stem in Example E above. The daily dosage was 20 mg of the protein 
per kg body weight, injected intraperitoneal!;/. The initial tumor volume was 
1 50-200 muu\ Wild type endostatin, also produced in the pET28(a) vector, was 

I 5 gis en at 20 mg kg body weight for the experiment as a positive control and PBS was 
given as a negative control. 

The retails are Shown in Fig. 1 8, winch is a graph showing days after 
treatment on the x-axis. and tumor volume oil the y-axis. Each time point represents 
the average oi five nmee in each group. Treatments were control PBS (' 2), wild type 

20 His. endostatin horn bacteria (dotted line, • EM 1 from bacteria ( dashed ime, A 
and EM 2 from bacteria (solid line, ♦ ). Intraperitoneal injection was started on dav 
1 (arrow j. Nine days after treatment, the difference between groups was apparent 
> "'g- IS)- On in- eleventh day after treatment, the tumor volume in the conuol 
group (397 mur ) was approximately twice that of the two treated groups: endostatin 

25 (1:2 mmr, or EM 1 0259 mnu'y However, on the same day, the tumor volume of the 
EM 2-treatcd group ( 2S9 mnr') was similar to that of the control group .0397 mm 3 :. 
Significance was at the 90% confidence level between the EM 2 and endostatin 
groups and 95% confidence level between endostatin and control groups. Inronomg 
the value of the largest and smallest tumors on day 1 1 in each group increased the 
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confidence levei to Q 5% between EM 2 and EM J and between EM 2 and endostatin. 
Therefore, the EM ] protein retained the native biological activity of endostatin, 
whereas EM 2. with i l: lurther deletion os 8 amino acids, did not. In addition, two 
of the five mice in the endostatin group and one of the five in the EM I group had no 
5 detectable tumor at the end of the treatment period. 

Kxmn ple 1 3' Ann e xin V - FITC assav 

Annexin V, a calcium dependent phospholipid binding protein with a high 
affinity for phosphtidyiserme (PS) was tised to detect early stage apoptosis. After 
initiation of apoptosis, most cell types translocate, the membrane phospholipid 
10 nhosohatidy [serine (PS) from the inner surface of the plasma membrane to the 

outside. PS can be delected by staining with an FITC conjugate of Annexin V, 3 8 
kDa protein that binds naturally to PS. During PCD. PS externalization typically 
precedes membrane bleb formation and DNA fragmentation. 

Briefly. 200.000 cells were plated onto a iabroneetm-coated 6- well plate in 
] 5 DM EM containing 2Fo FBS and 3 ng/ml of bFGF. Different concentrations of 
recombinant mouse endostatin were rdded to each well, and cells were harvested 
and orocessed 18 hours after treatment. For the time course study, 10 ug/'ml of 
endostatin was added and ceils were processed after 3, 4, 6, 12, and 1 8 hours. 
Human recombinant TNF-oi ( 40 ng/ml) was used as a positive control. The cells 
20 were washed in PBS and resuspended in binding buffer (10 mM HEPES/NaOH, pH 
7.4, 140 mM NaCl, 2.5 mM CaCF). Annexin V - FITC was added to a final 
concentration of 100 ng/mh and the cells were incubated in the dark for 10 minutes, 
then washed again ir. PBS and resuspended in 300 ml of binding buffer. 10 pi of 
proridium iodide (PI i was added to each sample prior to flow cytometric analysis. 
25 The cells were analyzed using a Becton Dickinson FACStar plus flow cytometer. 
Electronic compensation was used to eliminate bleed-through fluorescence. In each 
sample, a minimum of 10.000 cells were counted and stored in kstmode. Data 
analysis was performed with standard Ceil Quest software (BectcmDxkmson). The 
quadrant settings were set so that the negative control allowed less man 1% 
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posiuvity. Endostatin was acde:: :o nomenuomehai ceil* <\':H3T3 and "S6-0 a: 10 
-g.rni ana the ceils weic processed and analyzed as described above. 

. Encostacin at 1 0 ug mi showed a distinct shirt in Annex::; Fuorescence 
intensity. The mean flaoresceme intensity difference between control and 
5 endostatm treated celi was sigumeant (n = 0.0 ; ;» at 5 and ]0 ugmh The shift m 

Fluorescence intensity was similar for endostatm at 10 a-. nil and the positive control 
TNF-a (AO na.m.j. Concentrations of endostatm beiov, 0. 1 ug/ntl did not show anv 
significant Annexin V poshivity In order to investigate the earliest time point at 
which endostatm caused exiernaUzation of PS, we conducted a time coarse 
1 0 experiment {'Fig 2B ). T he effect of endostatm was significant ip = 0.01 > at 12 hours 
aher treatment. Time pomis before 6 hours did not show a difference between 
control and treated samples. 

Morphological examination of FACS analysed jamples with fluorescence 
microscopy (Nikon) showed Annexin V staining localized to the ceil membrane at 
15 12 hours with no staining m the cytoplasm. During thP period, the maioritv of the 
ceils were negative for PF implicating the early stage of apoptosis. With increased 
exposure time (24-36 hours), :n addition to membrane aainine vvah Annexin V 
some of the cells turned positive tor PF consistent with a more advanced stage of 
apoptosis. 

bimmar levels oi Annex::: V staining were observed in two other endothelial 
cell lines studied, BAE and BCE We have also tested the effect of human 
endostatm on these three bovine endothelial cell lines. We failed to detect Annexm 
V staining in the presence of human endostatm added to these ceils, whereas when 
human endothelial cell line: were used iHUVE and HIviYE-L), it resulted in a 
marked shift in Annexin V fluorescence (manuscript m preparation). These data 
indicate that ancpaosis, as assessed by Annexm Y staining, occurs in diverse 
endothelial ceils in response to mouse and human endostatm. 

With regard to non-endothelial cells. 786-0 and NIH3T3 cells failed to show 
any distinct annexin pcsitivity. in addition, other non-endothelial cells (TMR-90. 
Al 0 and H9c2 ( 2-1 vmyooiast. were screened and m effect of endostatm wa, .oitnd. 
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Based on these results, endostatin's action appears to be selective for endothelial 
cells. 



Example 1 4: Caspase 3 ass— 

Caspase 5 (CPP32) as an intracellular protease activated early during 
5 anoptosis of mammalian cells and initiates cellular breakdown by degrading specific 
structural, regulatory, and DNA repair proteins, This protease activity can be 
measured spectrophotometrically by detection of the chromophore (p-mtroanilide) 
aJte: cleavage from the labeled substrate ('DEVTTpNAY. 

This assay was performed in either a 75- :m 2 tissue culture flask or in 
10 iVoronectin-coateci 6-vvell plates. The 6-weli plates were seeded with 0.5-1 x 10 6 
eclh per welh and the flasks were seeded with 2 x 10° cells. The cells were 
maintained overnight in DM EM with 10% FBS. The following day, the old medium 
was replaced with fresh medium (2% FBS and die cells were incubated overnight 
a; 3 7 °C. Following starvation, the ceils were stimulated with bFGF (3 ng/rnl) in 
1 5 DMF,M MM FBS). Along with bFGF, yeast endostaun (10 pg/ml final 

coiicentrauofo was added and the ceils grown fo: 24 hours. For the control plate, 
only the PBS buffer was added. As a positive control, TNF-a was used at a final 
concentration of 20 ng/mk After 24 hours, tiie supernatant cells were centnfuged 
and collected. The wells Musks') were trypsimzed to collect the attached ceils and 
20 combined with the supernatant cells The cells were counted and resuspendec in cell 
lvsis buffer (Clontecm Palo Alto, California. USA) at a concentration of 4 x 10' 
cells/ml. The rest of the protocol followed the manufacturer's instruction (Clontech, 
Palo Aito. California, \JSA) A specif c inhibitor of caspase 3. DEVD-fmk, was 
used to confirm the specificity as suggested by the manufacturer. The absorbance 
25 was measured in a microplate reader (BioRad, Hercules, California. USA) at 405 

urn. Fold-increase in protease activity (caspase 3) was determined by comparing the 
results of the induced sample (yeast endostatin or TNF-a) with the unmduced 
control. Similarly non-endothehai cells (NIH3T3 and H9c2 (2- Ij-myoblast were 
used and analyzed as described above. 
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A I1:r - e ^?^^:n was :mst neriormed with N; ag ml of eudostatm. 

Noiimg for an increase m caspase 3 activity. There was no oiffereime in easvease 3 
aimwty between the meatea and the control smnplei a: 2. ^ £. and M hourj. 
-lOwever. easnase 3 activity 24 hoars after treatment with emiostatm was elevated 
over controls. Toe caspase acu\aiy of the enriostatm ana TNF-g < positive control ) 
twatec sample::, is shown j n fig. 21. When compared to controls, enaastatm treated 
c - is showed a 1 8-:oid increase in caspase 3 activity after 24 hours, whereas TNF-a 
gave a comparable : ] Tf-foid \ increase. The assay was repeated at least h\e times 
vitn similar results. When a specific inhibitor of caspase 3 (DEVD-fmk) was 
included m the same samples, the protease activity was at baseline (comparison of 
me dark box to the corresponding while boxh indicating that the increase in the 
measured activity was specific for caspase 3. Fig. 22 shows that for Nil 13 T3 ceils 
only, a marginal increase in eavpase-3 was seen, whereas m myoblast cells there was 
no difference in caspase-3 levels between treated and control cultures. 



1 5 fr:an^]e_l 3: Micrpj^^ stnmmg 

Fragmentation of nuclear DNA is one of the distinct morphological chane.es 
occurring in the nucleus of an apoptotic ceil. A TUNEL ( terminal deoxynusieotidyl 
tmnsfemse-mediated oUTP nick-end-labeling) assay was performed on endostatim 
TNF-a treated and control ceil:;. For adnerent cells. C-PAE cells were seeded at a 

20 density of 5 ? 000 cells per well on fibronectm coated ' 1 0 ug/mi) Lab-Tek chamber 
Nmes and grown in 0.4 ml of DMEM medium with 1 0° o FBS. After two davs. the 
old medium was aspirated and fresh DMEM with 2w FBS was added and the cells 
were starved overnight. The loll owing day. 0.36 mi or new medium 'with 2 ( ;<o FBS; 
containing 3 ng.mil bFGF was added along with yeast endostatm (I 0 ag'ml) or 

25 TNF-a (20 ng/mf). For control samples, fresh medium (2% FBS ) containing bFGF 
(3 ng/mf) was added. Following induction (24 hours o the slides were washed twice 
with PBS, and subsequently fixed in fresh 4% formaldehyde/PBS at 4"C for 25 
minutes. The slides were washed m PBS and the cells permeahilmed ] n n.2% Triton 
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X-!00/PBS for 5 minutes on ice. then washed with fresh PBS twice for 5 minutes 
each Lit room temperature, and the TUKEL assay performed as described below. 

fie TUNEL assay was performed as described in the ArxAlert DNA 
fragraematbn assay kit user manual (Clcnlech, Palo Aito. California. USA), except 
5 th ^ lhc fmal concentration ol propidium iodide (S:gma, St. Louis, Missouri. USA) 
used was 1 ug/ml. After the assay, a drop of anti-fade solution was added and the 
treated portion ofthe slide was covered with a glass coverslip with the edges sealed 
with nail polish:. Slides were viewed immediately under a f.uorescer.i 
microscope using a dua: filter set for green (520 nm ) and red fluorescence .--=620 
1 0 run). The images were captured using a digital microscope ( Nikon Miorophot-SA) 
and processed using SPOT software version 1.1.02. For the positive control 
(TNF-a). 5 fields random were chosen, and for the samples, 3 5 random fields were 
chosen. The number of green and red cehs per field were then counted, and the 
percent of green divided by the number of red cells in a given field was determined. 
15 An average (with SE.M.'i of the different fields was then calculated. 

For cells m suspension, floating ceils were collected by centrifugal] or. at 
300x g for 10 minutes at 4 D C. The old medium was aspirated, and the cell.-, were 
resuspended in 500 ml of PBS (pH 7.4). Cells were centrifuged again, die PBS 
removed, and the pellet was resuspended in 75 ml of fresh PBS. Resuspended cells 
20 were spread on a poiy-L-lysme coated slide (Jersey lab supply) u=ing a clean slide. 
The ceils were fixed by immersing the slides in fresh 4% formaldehyde/PBS at 4°C 
for 25 mm. The icsi of the protocol was carried out as described above 

In the presence ofthe enzyme TciT, both endostatin and TNF-c: treated slides 
snowed numerous positive cells under green fluorescence, whereas no positive cells 
25 were seen m the control Without the enryme. the endostatin treated slide showed 
background cell fluorescence. 

The number af apoptotic ceils in several fields were counted, and the percent 
of apoptotic ceils (green divided b> the number of red cells per field) is plotted m 
Fig. 23, which is a bar graph The apoptosis rate in the control ceils was 1 .24°/o. In 
30 the endostatin treated ceils, a 30-fold mrrease in the apoptosis rate was observed in 
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ra:.-; ? ensior. cells ; 3 S.3-c ; . while a !5-:old increase was observed ir. :he attached eeh 
< 1 y.4v„!. With TNF-cs. ihe apoptosis rate was 6.4C-, In contrast, the percent cf 
TUJEL-positive m the angiostatm treated BCE (bovine adrenal cortex capillar.- 
eitdotneliao cells '.vas 2% v. hen compared w:th the control cells (!.2°4), a 1 6 ibid 
5 increase, suggesting that endostatin is a stronger aocptotic agent than angiostatm. 

Example 16: Rcl-2 and Bax expression h v western h]o: analysis 

C " PAE celJs H x 1 0") were seeded m 10 cm petri dishes precoatcd with 
fibre nectiii (10 ug'mi) m the presence of 2% F3S containing 3 ng-mi bFGF 
End ..statin was added at 10 ^ig/ml, and ceils were harvested at 12, 24, and 2S hours 
' 0 after — ^™ent. Cells were washed thrice in PBS buffer pH. 7.4 and the ceils were 
resuspended in 1 mi of :x EBC buffer (50 niM Tris-HCh pM 8.0. 120 mM NaCi. 
5 % • Jc'iiicle-. P-40) containing freshly added complete protease inhibitor tablet 
(Boerhinger Mannheim), 1 00 rag/mi Pefabloc, 1 mg/ml Pepstatin. The protein 
concentration in whole cell lysate was measured by the BCA method. 30 mg of 
! 5 whole eel i extract was i oaded onto a 4- 1 5% gradient polyacrylamide gel . Transfer 
was performed using a semi-dry transblol apparatus (BioRad, Hercules, California, 
USA). The membrane was blocked in wash buffer (lx TBS) with 5% non fat dry 
milk and incubated at 37°C for 1 hour. Goat antibody directed against human Bcl-2 
(N-i'- 1 ) ! sc-492-G} was purchased from Santa Cruz Biotechnology (Santa Cruz, 
20 California.. USA). Affinity purified mouse polyclonal antibody against Bax (B-9) 
;sc7^90; and Bcl-XS/L {scl690} were purchased from the same manufacturer. 
Polyclonal anti-actin antibody (Sigma, St. Louis, Missouri. USA) was used to 
normalize for protein loading. Secondary antibodies were anti-goat, mouse and 
rabbi; immunoglobulin conjugated to horseradish peroxidase (Amersham Corp., 
25 Arlington Heights. Illinois, USA). The immunoreactiviry was detected with an 
enhanced chemiluminescence reagent (Pierce Chemical Co., Rockford, Illinois. 
USA). Images were scanned using a Hat bed scanner (Scan-Jet 4C) and auuntitated 
by the NTH Image 1.61 software. Normalisation was done by dividing the Bci-2 
signal by that of actin within each experiment. 



WO 99/29855 PCT/US98/26057 

-69- 



Anii-apoptouc members such as Bcl-2 and Bcl~X L prevent PCD in response 
to numerous stimuli. Conversely, pro-apoptotk proteins such as Bar; and Bah can 
accelerate eel! death: and m certain case::, they are sufficient to cause apoptos-s 
mdependeui eT additional signals. Whole cell extract of endostatm treated and 
5 control C-PAE cells vei'e tested for Bcl-2 and Bax expression levels. In growth 

arrested C-PAE cebs, Bcl-2 expression was high. It was relatively constant up to 28 
hours; in contrast, endostatm treated cells showed marked decrease m Bcl-2. as is 
show m rig 24A. Densitometry revealed that the levels of BcJ-2 compared to 
control was 1 .2, 1 .5, and 3 fold less at 12, 24. and 28 hours respective!} after 
10 Treatment, with actin levels used as normalization controls. In contrast, Bax 
express! -on was similar between control and treated cultures (Fm 2^3\ 

Bcl-2 protein was* not detected in both NIH3T3 and 1MR-90 cells Bax 
expression; levels were not affected b> endostatm treatment in these cell lines, as is 
shown in Figs 25 A anc 25B. In C-PAE cells, at the early time point (12 hours), 
15 BcXXL Ave; was reduced by 2 fold, whereas in NIH3T3 ceil its expression was 
unchanged (Figs. 25C and 25D). Interestingly, we have detected only the larger 
pro-apop:ot:c form of Bcl-X m C-PAE whereas, m NIFI3T3 both smaller and larger 
forms were detected, 

These findings suggest that endostatm exerts its regulatory activity bv 
0 altering Bcl-2 expression Interestingly. VECF has been shown to augment Bcl-2 
evels m endothelial ceds, Since endostatm antagonizes VEGF's proliferative 
ffecLs, Bcl-2 appears to be one point of regulation. Recent studies indicate that the 
Bcl-2 protein binds to other proteins, such as Bax, Be: XS, Bik and Bad, which 
ultimately enhance ceil survival (Newton. K. and Strasser, A. (1998) Curr. Op in. 
25 Genet. Dev. 8:68-75: Jacobson, M.D. i Curr. Biol. 7:R277-8F). The function 

of another Bcl-2 homologue. Bax remains enigmatic. Bcl-2 and Bcl-X : function 
thrcugh heterodimerization with Bax. and overexpression of Bax accelerates 
apootosn Recently, it was mown that FGF-2 inhibited endothelial ceil apoptosis by 
Bcl-2 dependent and independent mechanisms. In our study, we did see differences 
30 in Bcl-2 ( and Bcl-X.j expression in endostatm treated cultures but no difference in 
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Bax levels. I: is possible that Bc!-2 may act inderenderrdv of 3a\. as has bee- 
shown for T ceils. 

EQUIVALENTS 

While this invention has been particularly shown and described with 
5 references to preferred embodiments thereof, it will be understood by those skilled 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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CLAIMS 

What is claimed is: 

1. An isolated anti-angiogenic peptide, wherein the C-termmal of the isolated 
peptide comprises the amino acid sequence SYIVLCIE. 

5 2. Isolated EM 1 . comprising a mutated endostatin protein, wherein the 

comprises a deletion of nine consecutive amino acids from the C-terminus of 
the endostatin protein, and wherein the isolated EM I is characterized as 
having ami -angiogenic activity 

3. The isolated EMI of Claim 2, wherein the C-termmus of the isolated EM 1 
10 comprises the amino acid sequence SYIVLCIE. 

4. The isolated EM 1 of Claim 2, wherein the deletion of nine consecutive 
amino acids comprises the ammo acid sequence NSFMTSFSK. 

5. The isolated polynucleotide of Claim 1 , comprising; 
(a) the nucleotide sequence of SEQ ID NO.: ; 

15 (b) a sequence complementary to the nucleotide sequence of SEQ ID 

MO.: ; and 

f c) a sequence that hybridizes under stringent conditions to the 
nucleotide sequence of SEQ ID NO.: . 

6. An isolated polynucleotide, comprising the nucleotide sequence amplified by 
20 the primers of SEQ ID NO: 7 and SEQ ID NO:8. 

™. An isolated polynucleotide of Claim 3, wherein the polynucleotide is 
operably linked to an expression control sequence. 
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\ :ios: transformec with me polynucleotide of C 



aim . 



The host ceil of Claim 3. where ;he cell is selected non; the groim 
comprising bacterial, yeasa mammaham insect or pi am ceils. 

1 °' A P rocess for P roducj1 ^ a protein encoded by the polynucleotide of Claim 3 
wherein the process comprises: 

(a) growing a culture of a host cell transformed with the polynucleotide 
of Claim 3, where the host cell is selected from the group comprising 
nacieriaf yeast, mammalian, insect or plant cells: and 

(b) purifying the protein from the culture: 

thereby producing the protein encoded by the polynucleotide of Claim 3. 

H. A fusion protein, comprising two or more protein molecules, and further 
comprising the EM I of Claim 3. 

12. The fusion protein of Claim I L further comprising at least one protein 
molecule selected from the group comprising: restim endostatm. angiostatim 
apomigrem or EM 1 . 

13. A composition comprising, as a biologically active ingredient, the EM 1 of 

Claim 3. 



14. The composition of Claim 23. and a pharmaceuticaHy-cornpatibk 



earner. 



lx A composition comprising, as a biologically active ingredient, the fusion 
20 protein :-f Claim 1 1. 



1 6 " A ^position comprising, a. a biologically active ingredient, the fusion 
protein of Claim 12. 



WO 99/29855 



PCT/US98/26057 



17. A method loi inhibiting angiogenic activity in mammalian tissue, the method 
comprising contacting the tissue with a compohtion comprising the EM 1 of 
Claim 3 . 

18. A method of using the composition of Claim 1 7 to treat a disease, the method 
5 comprising administration of the composition to a patient with a disease 

characterized by angiogenic activity. 

19. The method of Claim 18, wherein the disease is selected from the group 
comprising angiogenesis-dependem cancers, benign tumors, rheumatoid 
arthritis, psoriasis, ocular angiogenesis diseases, Osier- Webber Syndrome, 

10 myocardial angiogenesis, plaque neovascularization, telangiectasia, 

hemophiliac joints, angiofibroma, wound granulation, intestinal adhesions, 
atherosclerosis, scleroderma, hypertrophic scars, cat scratch disease, 
Heliohactcr pylori ulcers, dialysis graft vascular access stenosis, 
contraception, and obesity. 

15 20- The method of Claim 1 9, wherein the disease is cancer. 

21 . The method of Claim 20. wherein the disease is renal cancer. 

22. A method of using a composition comprising the isolated EM 1 of Claim 3 to 
induce apuptosis in a cell or tissue, comprising contacting the ceil or tissue 
with thj composition. 

20 23. A method of using any of the compositions of Claims 1 3 to 1 6 to treat a 
disease, the method comprising administration of the composition to a 
patient with a disease characterized by angiogenic activity. 

24. The method of Claim 23, wherein the disease is cancer. 
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28. 



15 



20 



The method o:' Claim 24. wherein the disease renal ca 



cancer. 



A process for providing a mammal with EM 1 protein, the process 
comprising introducing mammalian cells into a human, said mammaiiai 
cells having been treated in vivo to insert therein the polynucleotide 
encoding the ammo acid sequence comprising EM 1 and expressing in 
in said mammal a therapeutically effective amount of the EM 1 protein 



VIVO 



he process of Claim 26. wherein the cells are !v 



mnhoevtes. 



The process of Claim 2/, wherein the lymphocytes are chosen from the 
group comprising T-lymphocytes and B-Iymphocytes. 



i G 29. The process of Claim 25, wherein the cells are chosen from the group 

comprising: blood cells, TIL cells, bone marrow cells, vascular cells, tumor 
cells, liver cells, muscle cells, fibroblast cells. 



The process of Claim 26, wherein the polynucleotide is inserted into the cells 
bv a viral vector. 



A process for producing an isolated polynucleotide, the process comprising 
the steps of: 

(a) preparing one or more polynucleotide probes that hybridize under 

conditions of mnder^tp suinnpn.-v ^ „ , 

...... u iiuutuuuc bcquence selected 

from the group consisting of: 

(.0 SEQ ID NO:l, from nucleotide 1 to nucleotide 525; 
(ii) an isolated polynucleotide encoding a protein comprising the 
amino acid sequence of SEQ ID NO:2, from ammo acid 1 to 
amino acid 175; and 
(bj hybridizing said probe(s) to mammalian DNA; and 
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<c; isolating the DNA poiynucleotide detected with the probe(s); 
Whe,eiK th£ nucleotide se ^ usncs of the isolated polynucleotide corresponds 
to the nucleotide sequence of SEQ ID NO: 1 . from nucleotide 1 to nucleotide 



An isolated polynucleotide produced according to the process of Claim 31. 

33. An isolated polynucleotide comprising the polynucleotide of Claim 32. 

34. Antibodies to the isolated antt-angiogenic mutant fragment of endostatin of 
Claim 2. 



U1 ,solated mu:ant - derivative, analog or homolog of the EM 1 of Claim 
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endo sequence from Collagen XVIII. 
Sequence Range : 1-555 

Nucleotide 1 = Starr for Endostatin and fragments EMI and EM2 . 
EMI fragment ends at nucleotide 52 5, SM2 fragment ends at 
nucleotide 501. 

5 10 15 2 0 25 2 0 35 40 45 

CAT ACT CAT CAG GAC TTT CAG CCA GTG CTC CAC CTG GTG GCA CTG AAC 
GTA TGA GTA GTC CTG AAA GTC GGT CAC GAG GTG GAC CAC CGT GAC TTG 

50 55 60 65 7C 75 30 35 9C 95 

ACC CCC CTG TCT GGA GGC ATG CGT GGT ATC CGT GGA GCA GAT TTC CAG 
TGG GGG GAC AGA CCT CCG TAG GCA CCA TAG GCA CCT CGT CTA AAG GTC 

100 105 110 115 120 125 130 135 140 

TGC TTC CAG CAA GCC CGA GCC GTG GGG CTG TCG GGC ACC TTC CGG GCT 
ACG AAG GTC GTT CGG GCT CGG CAC CCC GAC AGC CCG TGG AAG GCC CGA 

145 150 155 160 165 170 175 130 135 190 

TTC CTG TCC TCT AGG CTG CAG GAT CTC TAT AGC ATC GTG CGC CGT GCT 
AAG GAC AGG AGA TCC GAC GTC CTA GAG ATA TCG TAG CAC GCG GCA CGA 

155 200 205 210 215 220 225 230 235 240 

GAC CGG GGG TCT GTG CCC ATC GTC AAC CTG AAG GAC GAG GTG CTA TCT 
CTG GCC CCC AGA CAC GGG TAG CAG TTG GAC TTC CTG CTC CAC GAT AGA 

245 250 255 260 265 270 275 230 235 

CCC AGC TGG GAC TCC CTG TTT TCT GGC TCC CAG GGT CAA CTG CAA CCC 
GGG TCG ACC CTG AGG GAC AAA AGA CCG AGG GTC CCA GTT GAC GTT GGG 

290 295 300 305 310 315 320 325 330 335 

GGG GCC CGC ATC TTT TCT TTT GAC GGC AGA GAT GTC CTG AGA CAC CCA 
CCC CGG GCG TAG AAA AGA AAA CTG CCG TCT CTA CAG GAC TCT GTG GGT 

340 345 350 355 360 365 370 375 330 

GCC TGG CCG CAG AAG AGC GTA TGG CAC GGC TCG GAC CCC AGT GGG CGG 
CGG ACC GGC GTC TTC TCG CAT ACC GTG CCG AGC CTG GGG TCA CCC GCC 

385 390 395 400 405 410 415 420 425 430 

AGG CTG ATG GAG AGT TAG TGT GAG ACA TGG CGA ACT GAA ACT ACT GGG 
TCC GAC TAG CTC TCA ATG ACA CTC TGT ACC GCT TGA CTT TGA TGA CCC 

435 440 445 450 455 460 465 470 475 430 

GCT ACA GGT CAG GCC TCC TCC CTG CTG TCA GGC AGG CTC CTG GAA CAG 
CGA TGT CCA GTC CGG AGG AGG GAC GAC AGT CCG TCC GAG GAC CTT GTC 

435 490 495 500 505 510 515 520 525 

AAA GCT GCG AGC TGC CAC AAC AGC TAG ATC GTC CTG TGC ATT GAG AAT 
TTT CGA CGC TCG ACG GTG TTG TCG ATG TAG CAG GAC ACG TAA CTC TTA 

530 535 54 0 545 550 555 

AGC TTC ATG ACC TCT TTC TCC AAA TAG 
TCG AAG TAG TGG AGA AAG AGG TTT ATC 

Fig. I 



SUBSTITUTE SHEET (RULE 25) 



WO 99/29855 



2/25 



PCT/US98/26057 



Secruence Range: 1 to 184 



5 10 15 20 25 30 35 40 45 

HTH QDF QPV DHL VAL NT? LSG GMR GIR GAD FQC RQQ ARA VGL SGT 

50 55 60 65 70 75 80 85 90 

FRA FLS SRL QDL YSI VRR ADR GSV PIV NLK DEV LS? SWD SLF SGS 

95 100 105 110 115 120 125 130 135 

QGQ LQP GAR IPS FDG RDV LRK PAW PQK SVW HGS DPM GRR LME SYC 

140 145 150 155 160 165 170 175 180 

STW RTF TTG ATG QAS SLL SGR LLE QKA AST HNS YIV LCI ENS FMT 

SFS K 
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FIG. 3 




Fraction numbers 

FIG. 4 



kDa 
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66.0 
45.0 

31.0 - 
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FIG.9 
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FIG. 12 A FIG.I2B 




Control +bFGF Endostatin 20 jig/ml 
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Treatment 

Fig. 16 
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FIGJ7a 



FIG.I7b 





VEGF + endostatin (10 jog) 



VEGF + endostatin (10 (ig) + 
polyclonal antiserum (50 jig) 
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FIG.I9B 





FIG.I9C 




F1G.19E 
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Control 



TNF- a (20ng/ml) Endostatin 10 ug/n 



Fig. 22 
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FIG.24A 



kDa Oh 12 h 24 h 28 h 
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43 - 

32 - 
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Bcl-2 





SUBSTITUTE SHEET (RULE 26) 



WO 99/29855 



PCT/US98/26057 



22/25 



CM 

CO 



00 



CNi 



CM 



CD 
lO 



CO 



CD 




o 




cm 

CO 



CO 



cvs 

CO 



CO 

X 



X 
I I 

o o 



< 



m 

CM 

. o 
CD 




CM 
CO 



CO CM 
*T CO 



< 

<\J 
o 



CO 



CN 



CM 



JO 

o 



Q 




o 

< 




o 
CD 



O CM N 

co t- 




< 



5 CM 
CO y~ 



i 



SUBSTITUTE SHEET (RULE 26) 



WO 99/29855 



PC77US98/26057 



23/25 



CO 



GO 

oo O 
5 ^ 



in co, 
9 "2 

2 S 



OO 
r —i 



> 



00 o 
on g 

1 9 

35 o 
oo 



00 

O 

> 
-J 

Q 

co ^ 

00 ^ 

~ O 

=3 Z 

£ ex 

oo oo 

oo — ^ 



00 



> 

oo ^ 

CO ^ 

S O 

5 q 

00 CO 
00 



> 



c 



o 

2 ^ 
2- a- 



0> 

CO 



< 

< 

w 

< r< 

< z 

< :o 

< "2 



< 



< 
< 



< 
O 

E— i ^ 

< O 
H ™ 

< 5S 

CJ 5 



< ^ 



< 



< 6 

< 2 

r ■ ^ 

2 cy 

< ^ 

< ^: 

V !— 



< 

c^ ^ 



CJ "ET 



< 



<% 

< C 



00 



< Br 



^ < 



< a: 

p Q 

< O' 

<1 



\J - 



< < 

^ < 



< £ 

u o 

< a 



' J - — ^ 

< O 
^ < 



a 

< a 

1 cy 

O co 



^ < 

< r O o 



2 s 

w 2: 



CO o 

r J -r 



r i 



^5 

DO 



WO 99/29855 



PCT/US98/26057 



24/25 



o 
-a 



Q 
Q 



5 o 



-2 



00 



cj 
> 



.2 

Cl < 
X £3 
° N 

cj 

C C 



DO 

^< 

X 65 



.2 CJ 
o EI 



CO ^ 



(=3 
\0 



to 



5 ~ 



oj 
3 



8 5 



< 



< 
< 

< d 

P cy 

< z 

< a: 



Co 



=3 



^1 







)VV 




< 




< 




O 




>J 






ON 






r \ 

cj 




CO 




O 

o 








5' AAG 


r 

< 



p 
< 

1 

CJ _ 

o o 

H Z 
< ^ 

< 

c— 1 

< 
o 



a o 



CO 



< 
< 

t 

< 

< 
O 

P Co 
^ d 

< 2 

; ^ CO 

CJ ^ 



I 

r ^ - 

0-i <c 



< 



< 

CJ 



Cj 
CJ 

a 



cj u 



< 

< 



< ^ 

CJ o 

p z 



— CO 



CJ 
CJ 
O 

< ^ 

O < 

H < 
H . 

CJ p 



^ a 

^ o 
u z 

^ < CJ 



< a 

< r- 



< P o 

^ r O o 

H < = 

< < <? 

<f O ^ 

^ 5 55 



H < 



^- < 2 

5-> < =- 



< 



E— ^_ 
f- t- 

< ^ 



r , OC 



<! rn ?^ 
CJ < 



< 



O rz 



< 

SO = 



WO 99/29855 



PCT/US98/26057 



15/25 



CO 



> 



CO 



U 2: 



c 



CO 



s < 

o — 



co 



> 

CO O 

co 2; 

5 o 



CO 
CO 



5b 



o 















.2 








w 





o 



a 
o 
< 



< 
o 

< 



< 

< a: 
P Z 

< a 

r- CO 

< s 



< 



o 9 

< CO 



< > 



N 3 



11 



< co! 



<^ 
5 < 

< < 

CJ <n 

h u d 

2 

1 ^ ^ 



CO 

> 

— } 

O As 

CO ^ 
CO Z 



- CX 

•r co 



CO O 



<< 
h r 



o H ~ 



p 








< 




< 


O 


< 


Z 








0 


co^ 






r 

^> 






> 


y' 


(do< 



u ^ a 



< 
< 



dc .2? 



s < 



2 _ 



< 

< - 

u o 

< c 



< r 



< 



< 



< 



< 



<< 

t; 8 



r < 



d 
2 



W <- 'w 

U r ^ tJ 

n j y: 



< 



< 5 



INTERNATIONAL SEARCH REPORT 



Intei ona! Application No 

PCT/US 98/26057 



A. CLASSIFICATION OF SUBJECT MATTER 



jpr 



C12N15/12 
A61K38/39 



C07K14/73 C12Q1/68 



C12N15/62 C07K16/18 



According to international Patent Ciassrfication fiPC^ or to Doth national classification and iPC 



B. FIELDS SEARCHED 



Minimum documentation searched (Classification svstem followed by classification symbols; 

IPC 6 C07K C12N A61K 



Documentation searched otner tnan minimum documentation to the extent tnat sucn cocuments are included in the fieids se arena d 



Electronic data base consuliea auring tne international search (name of data base and. wnere practical, searcn terms i 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



"ENDOSTATIN : AN 
OF ANGIOGENESIS 



O'REILLY M S ET AL: 
ENDOGENOUS INHIBITOR 
TUMOR GROWTH" 
CELL, 

vol. 88, no. 2, 24 January 1997 
277-285, XP002044657 
cited in the application 
see the whole document 



Reievani to claim No. 



AND 



pages 



L . STANDKER ET AL. : 
characterization of 
of human endostatin 
FEBS LETTERS , 
vol . 420 , 1997 , pages 129 
cited in the apolication 
see the whole document 



"Isolation and 
the circulating forms 



■133, XP002100417 



-/-- 



Further documents are iistea in tne continuation of box ( 



□ 



Patent famny memoers are iistea in annex. 



Special categories of c:tea documents : 



'A" document cefining the general state of the art which is rot 
considered to be of particular reievanca 

"E" earlier document out puciisned on or after tne international 
filing date 

"L" document which may throw doubts on onorrty cia.mfsi or 
wnicn is cited to establish tne puolication date ct another 
citation or other special reason ;as sDeafied) 

"C" document reternng to an oral disclosure, use, exhibition or 
other means 

"P" Document published prior to tne international fiiinc aate but 
later tnan the pnonty aate ciaimec 



'T" later document published after the international filing aate 
or pnonty bate and not in conflict wrth the application but 
cited to understand the principle or theory underlying the 
invention 

"<" document of particular r elevance: the claimed invention 
cannot oe considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

" v " document of particular relevance; the c:aimed invention 

cannot oe considered to involve an inventive step wnen the 
document is combined with one or more other sucn docu- 
ments, such combination being obvious to a person sKilied 
m the art. 

"&" document member of the same patent 'amily 



Oate of tne actual completion of the international searcn 



20 April 1999 



Date of mailing of the international searcn report 



03/05/1999 



Name and mailing aadress of tne :SA 

European =atent Office. P. 3. 53 1 a ^atentlaan 2 
NL - 2280 HV ^uswiik 

Tei. ,>31-70) 3*0-2040. "x. 31 551 epo ni 
-ax: (+31-70) 340-3016 



Authorized officer 



Hi x , R 



=orrn PC 7/1 S A/21 C <s*cona sneen I julv ■ 992* 



INTERNATIONAL SEARCH REPORT 



international application No. 

PCT/US 98/ 26057 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This international Search Report has not been established m respect of certain claims under Article !7(2)<a) tor the lollowtng reasons: 

1 . I X | Claims Nos.: 

' because they retate to suDiect matter not required to be searched by this Autnonty, nameiy: 

Remark: Although claims 17-30 

are directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. ! | Claims Nos,: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carnea out. specifically: 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This international Searcning Authority found multiple inventions in this internaoonai application, as follows: 



As all required additional search fees were timely paid by tne applicant, this international Searcn Report covers all 
searchable claims. 



2. ' I As all searchable claims couio be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. j | As only some of the reauired additional searcn fees were timeiy said by tne applicant, this International Search Report 
• ! covers only those claims tor which fees were paid, specifically claims Nos.: 



4. ! j No requirec additional searcn fees were timeiy paid cy the acpucant. Consequently, this international Searcn neport is 

1 restricted to the invention first mentioned in tne claims: it is covered by Claims Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicant's protest. 

j ; No protest accompanied tne payment of additional searcn fees. 



rm D CT/ISA/2' 0 (continuation of first sneet M ; ; {july 1998) 



